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ABSTRACT 

It is generally believed that gastric acid (Ht) is important in the 
pathogenesis of duodenal ulcer (DU). The role of ut in gastric ulcer 
(GU) and gastroesophageal reflux (GERD) is less well defined. However, 
one of the approaches to therapy of these conditions has been directed 
towards gastric acid suppression. Accordingly, a series of studies were 
conducted to evaluate the intragastric Ht and serum gastrin profiles in 
Si4E DURES GU, 6 GERD and 7 normal subjects (N) over a 24-hour period 
under physiologic conditions closest to real life. Patients with DU 
tended to have higher basal acid output (BAO) than N but there was a 
considerable overlap. The values of BAO in GU and GERD patients 
overlapped with the values in N. In response to pentagastrin, the 
maximal acid output (MAO) was higher in DU than in GU or N. The mean 
MAO was similar in GERD and in N. The 24-hour pH profile was similar in 
all subject groups although the pH values remained > 4.0 for a longer 
period in GU than in DU or N. Furthermore, the Ht activities after each 
meal, overnight and over 24-hour period were similar in all subject 
groups. The basal gastrin concentration (G) in GU was higher than that 
in DU whose value was higher than that in Ne. However, the differences 
in the basal G between these subject groups failed to reach significant 
levels. Neither was the difference in basal G between patients with 
GERD and normal subjects significant. The postprandial G responses were 
higher, #ingeDU se CUgeeCERDPethand thatievdn {N. Indeed, the G responses 
following meals were numerically higher in GU than in DU. 

The antisecretory property of cimetidine 600 mg bid (C) was 


evaluated in 23 DU, 8 GU and 7 DU. C was associated with HT suppression 
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after breakfast, overnight and over 24-hour period in DU and N, whereas 


Ht 


suppression was observed at all time periods in GU patients treated 
with C. This more prolonged Ht suppression by C in GU than in DU or N 
cannot be explained by the difference in intragastric Ht or in gastrin 
concentration. The ratio of H*:G tended to be higher in N than in DU or 
GU. This H':G was markedly suppressed by C in DU and GU, ‘but was 
minimally suppressed by C in N. This suggests that C may alter the 
sensitivity of parietal cells to endogenous gastrin in these DU and GU 
patients. 

Cimetidine is commonly used in the treatment of acid pepsin 
disorders. For the purpose of improving patient compliance, the dosage 
of cimetidine was modified to 600 mg twice a day. This twice daily 
cimetidine was associated with lower H* after breakfast and overnight 
when compared to the conventional dose of cimetidine 300 mg qid. This 
superiority cannot be explained by the change in gastrin concentration 
or by the difference in serum cimetidine concentration as similar 
postprandial gastrin responses and cimetidine pharmacokinetics were 
observed in the two cimetidine regimens. 

Some patients with acid-pepsin disorders fail to respond to a 
Single agent therapy. This failure of response may be related to 
inadequate acid suppression. The antisecretory effect of combination 
therapy of cimetidine with antacid or with an antimuscarinic agent was 
tested against a single agent. This study showed that both Mylanta II 
and pirenzepine potentiate and prolong the acid suppressing effect of 
cimetidine. The study also suggested the superiority of ranitidine over 
cimetidine in Ht suppression in patients with GERD. Enprostil (E), a 


synthetic dehydro-prostaglandin Ey, given as 35 mcg bid is a potent 
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antisecretory and antigastrin agent. The nocturnal H’ was similarly 
suppressed by E 35 mcg bid and by E 70 mcg hs. 

This study suggests the similarity of 24-hour intragastric at 
profile in patients with acid-pepsin disorders and normal subjects. 
Patients with DU and GU differ from normal subjects in their BAO, MAO 
and in their food-stimulated gastrin responses. We speculate that acid 
may only play a permissive role in the pathogenesis of the diseases. 
Gastric acidity can be suppressed by the administration of cimetidine in 
all subject groups. Greater acid suppression can be achieved simply by 
modifying the dosage regimen or by using combination therapy. The 
studies provide some basis for the selection of therapeutic regimens in 
the treatment of acid-pepsin disorders. The potent antisecretory 
regimens would certainly benefit those who are acid hypersecretors. On 
the contrary, other modes of therapy may be more beneficial in the other 
subgroups of patients whose factors other than gastric acid secretion 


are impaired. 
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1. INTRODUCTION 
1.1 General 

Peptic ulcer is believed to occur when there is an imbalance 
between the aggressive factor of acid and pepsin, and the defensive 
factor of mucosal resistance (60). It is manifested by an interruption 
of the gastroduodenal mucosa extending through the muscularis mucosae. 
The pathophysiological and therapeutic approaches so far have been 
mainly focused on the aggressor side of gastric acid and pepsin. On the 
one hand, gastric and duodenal ulcers are usually grouped together as 
peptic ulcer disease which signifies the role of acid and pepsin in the 
formation of ulcer. On the other hand, there is genetic, environmental 
and pathophysiologic evidence suggesting that they are of different 
disease entities. 

Different physiological abnormalities have been described in 
patients with gastric ulcer and duodenal ulcer. The role of gastric 
acid in the pathogenesis of duodenal ulcer is demonstrated by the 
therapeutic efficacy of the antisecretory agents in the treatment of 
duodenal ulcer. Some patients with duodenal ulcer have high basal and 
stimulated acid output, although there is often an overlap with normal 
subjects (44). However, duodenal ulcer has never been reported in 
patients with achlorhydria. On the other hand, duodenal ulceration is 
common in patients with hypersecretory states such as in Zollinger- 
Ellison syndrome. 

The importance of gastric acid in gastric ulcer is less well 
defined. The acid secretory capacity in patients with gastric ulcer may 
depend on the anatomical location of the ulcer or its association with 


duodenal ulcer. Gastric ulcer may be classified into three main types 
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accondings ttocethei@location poofe the ulcer* .ande!thes ‘acid sesecretory 
capacity: types bwconsists of ~ulcerjsin the body of (the ‘stomach and 
represents 57% of all gastric ulcers which are hypersecretors; type II 
is the group whose ulcer in the body of the stomach is combined with 
duodenal ulcer and comprises 22% of total patients with gastric ulcer 
who also are hypersecretors; the other 20% is the type IIL prepyloric 
ulcer who have acid hypersecretion and behave like duodenal ulcer 
(48). Although the majority of gastric ulcer patients secrete lower 
amounts of acid than does the normal population, the role of acid in the 
formation of gastric ulcer cannot be totally excluded. Ren lorhydcie may 
only be the consequence of established ulceration. It has been 
postulated that the loss of luminal hydrogen ion (Ht) may occur with 
increased H’ back diffusion through the damaged mucosae The concomitant 
inflammation may lead to impaired secretory capacity and the refluxed 
duodenal content may neutralize the gastric acidity. Some recent 
studies have shown that antisecretory agents are effective in the 
healing of gastric ulcer (30). 

Gastroesophageal reflux disease is another acid-pepsin disorder in 
which gastric acid may be important in the pathogenesis of the disease 
(33,39). Altered gastric acid secretion has not been well described in 
gastroesophageal reflux disease although refluxed gastric acid may 
increase the propensity for mucosal damage. One of the mainstays of the 
treatment of reflux esophagitis is a reduction in gastric acid. 

In spite of the accepted role of acid in peptic ulcer disease, it 
is still not clear how much acid is required for the formation of the 
ulcer and how much acid is needed to be suppressed to attain the healing 
of the ulcer. Not all patients with ulcer necessarily secrete higher 


than normal amounts of gastric acid. In this instance, the other side 
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of the balance which predisposes to ulcer formation might become more 
relevant. 

A pathophysiologic role of altered gastrin metabolism in peptic 
ulcer disease has been postulated. The increased gastrin release after 
food or sham feeding has been reported in duodenal ulcer (63), and 
elevated gastrin concentration was reported in gastric ulcer (21). 
Fasting gastrin concentration has previously been shown to be elevated 


in patients with gastroesphageal reflux disease (84). 


1.2 Aims and Scope of Research 

Therapy of peptic ulcer disease so far has been. directed towards 
the reduction of gastric acid. The use of antisecretory agents that 
have been introduced are based on the knowledge of parietal cell 
function. Failure to respond to antisecretory agents has been reported 
and this may be related to inadequate acid suppression or may be due to 
the fact that factors other than acid are responsible for ulcer 
formation. A series of studies have been undertaken directing towards a 
better understanding of the role of acid and gastrin metabolism in 


peptic ulcer disease. The objectives were: 


1. To develop a technique for assessing gastric acid profile and 
gastrin response to a meal under physiologic conditions in normal 


volunteers and in patients with peptic ulcer disease. 


2. To evaluate the pharmacological effects of various antisecretory 
agents in normal volunteers and patients with peptic ulcer 
disease. From the practical standpoint, the most effective acid 


suppression regimen either, by dosage modification or by combining 
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therapy, can be determined. This may be necessary in patients who 
fail to respond to conventional therapy or in patients with an acid 


hypersecretory state. 


To determine the effect of these antisecretory agents on serum 


gastrin concentration. 


To develop a model for studying pharmacokinetics of antisecretory 


agents and drug interaction when combination therapy is used. 


To determine the relationship between gastric acidity and gastrin 


response in patients with peptic ulcer disease and normal subjects. 
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2 LITERATURE REVIEW 
2-1. Anatomical Background 
Structure of Gastric Mucosa 

The gastric mucosa is lined by a simple columnar epithelium with 
numerous tubular invaginations called the gastric pits (45). Single or 
multiple tubular gastric glands, either simple or branched, open into 
the base of the gastric pits. The lamina propria which is a loose 
connective tissue underneath the gastric epithelium contains blood 
vessels, nerves, smooth muscle cells and various connective tissue 
cells. The muscularis mucosa is the muscle layer that separates the 
gastric mucosa from the submucosa. The submucosa is a layer of dense 
connective tissue which contains blood vessels and nerves, including the 
Meissner's plexus. The lymphatic plexuses are dispersed in the 
muscularis mucosa and submucosa and projected into the lamina propria. 
The muscular coat of the stomach consists of smooth muscle cells 
arranged as oblique, circular and longitudinal layers. In between these 
muscular layers, is the Auerbach's plexus, which is a sympathetic nerve 
plexus. The serosa is the outermost layer which is a thin layer of 
loose connective tissue covered by a layer of squamous cells (46). 

There are three main types of gastric glands: the cardiac, pyloric, 
and oxyntic (or fundic) glands. The cardiac glands occupy the area 
adjacent to the esophagus. The predominant cells are mucous cells which 
produce secretion rich in mucus. They also contain undifferentiated and 
endocrine cells. The oxyntic glands occupy most of the fundus and body 
of the stomach. They contain oxyntic parietal cells which secrete 
hydrochloric acid, chief cells which secrete pepsinogen, mucous neck 
cells, undifferentiated cells and endocrine cells. Chief cells are the 


major cell type in the base of the gland; parietal cells predominate in 
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the isthmus and neck regions, intermingled with mucous neck cells, 
undifferentiated cells, and a few chief cells. The endocrine cells are 
located between the other cell types. The pyloric gland area is located 
in the gastric antrum adjacent to the oxyntic gland area in the body of 
the stomach (57). The pyloric glands contain mucous secreting cells and 


G-cells which are the major source of gastrin. 


Ultrastructure of the Parietal Cell and their Morphological 
Transformation 

Parietal cells contain large numbers of mitochondria which account 
for about 30% of the cell volume indicating an important contribution 
of oxidation metabolism to the energy supply of the cell (41). The cell 
contains an infolding of the apical membrane called intracellular 
canaliculus (47). In the resting state, the cytoplasm of the parietal 
cell is filled with tubulovesicles which are specialized smooth 
endoplasmic reticulum. With stimulation of secretion, it was shown that 
these tubulovesicles fuse with the apical membrane forming extensive 
secretory canaliculi with numerous microvilli and communicate with the 
luminal surface of the cell. Removal of the stimulus reverses the 


ultrastructure back to its resting state (29). 


2.1. Gastric Acid Secretion 

The gastric hydrochloric acid (HCl) content approximates 160 m™, 
which is isotonic to plasma. This hydrochloric acid is secreted by the 
parietal cells. The role of parietal cells in gastric acid secretion is 
based on indirect evidence using animal experiments. Several 


experimental models have been used for the study of acid secretion by 
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the gastric mucosa. Physiological and morphological changes in response 
to acid stimulation can be assessed in intact gastric mucosa, isolated 
parietal cells, isolated gastric glands and membrane vesicles (80). [It 
has been generally accepted that the site of acid secretion is the 
secretory canaliculus of the parietal cell (41). Direct measurement of 
acid secretion is generally not useful to assess the response to 
stimulation, since the response is transient and is neutralized by 
bicarbonate secretion. Several other indirect indices of parietal cell 
responses to stimulation have been developed. As the secretion of 
gastric acid is a highly energy dependent process, the rate of oxygen 
consumption is increased with stimulation, and this can be measured by 
using polarographic electrodes or respirometers (90). Morphological 
transformation of the parietal cell can be assessed during stimulation 
of acid secretion. Lastly, the accumulation of a weak base in the acid 
compartments can be assessed to study the response of parietal cells to 
stimulation (12). 

Accumulation of a weak base in the low pH compartment has been used 
to assess acid secretion. Aminopyrine is a weak base used to assess 
parietal cell function in secreting acid. With Melts" pha ror =. Omait 
remains mostly in the unionized form which is freely permeable to 
biological membranes at physiological pH. Aminopyrine becomes ionized 
at acidic pH; for example at a pH near 2.0, the ionized form of 
aminopyrine increases several thousand-fold. This unionized form is 
poorly permeable across lipophilic barriers. Accumulation of 
aminopyrine in the acid space, with a pH gradient across a lipophilic 
barrier, is therefore used as an index to monitor acid secretion by 
parietal cells (11,12). It does not necessarily provide a direct index 


of the rate of acid secretion, but rather is a measure of the 
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concentration of sequestered acid in a specific space. 

An oxidation-reduction mechanism (42) and ATP (10) have been 
proposed as energy sources for acid secretion. According to the redox 
scheme, H is generated from the oxidation-reduction process and is 
delivered to the secretory surface via the electron transport system 
(Figure 1). 

A protein donor, AHy , is oxidized by a membrane bound redox system 
so that Ht is transported across the membrane. The electrons are 
transferred to an acceptor located on the cytoplasmic surface. The 
proton is delivered to the secreted fluid and the electron is delivered 
to the respiratory chain, and eventually is delivered to oxygen. A 
hydroxyl ion COBS). generated for every proton released, reacts with C05 
coming from intracellular metabolism or from blood to form bicarbonate 
(HCO3). The reaction between CO. and OH is catalyzed by enzyme 
carbonic anhydrase. 

ATP is another proposed source of energy for acid secretion. ar 
dependent ATPase was identified in microsomal membranes derived from 
fundic mucosa (31,85). This enzyme has been localized by the 
immunochemical method in the secretory canaliculi of the parietal cells 
(77). The appearance of ATPase is associated with the onset of acid 
secretion. Several other metabolic pathways including glycolysis, 
glucose oxidation and lipolysis have been proposed as additional sources 


of energy for parietal cells (78). 
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FIGURE 1. Illustration of a redox scheme for gastric acid secretion 


(adapted from Reference 80). 


PARLED Ave CELL 


Je At@ ak 


Legend 
NC uniport 


OY) symport 
(~) pump 


AM apical membrane 


BL basolateral 
membrane 


CA carbonic anhydrase 


SC secretory 
Canalireurus 


/2HCO3 
BY LCURE 2 eA model of (anion transport (ins parietal cell ® tor @eactric 


acid secretion (adapted from Reference 79). 


tpitiwee bi=e “ersaeg! tl owe 198 Rows ob FO noise Sealed -t ws 


Z. | - : 
(OU sd0a35 599 matt beaqebey 


HD . JATAIAAT 


iieaq ow 


Sit viiiqies  LéNtern 


fates loxud 
hake Vea 


e44ibdiine pleoo Tes, 


Yreoemoee 
viddedet Fanen 


10 


Ht secretion occurs down an electrical gradient, but against a huge 
concentration gradient. Therefore, there must be an active pump 
independent of the luminal solution localized at the apical membrane of 
parietal cells. Ht is actively secreted into secretory canaliculi in 
exchange for Ka being catalyzed by Ht-KTATPase. At the basolateral 
membrane, there is an active Nat-xt exchange operated by Nat-KTATPase 
(Figure B). Nat recycles the cell through the NaCl symporter resulting 
in the accumulation of Cl in the cytoplasm. This Cl effluxes from the 
cell by two pathways: either through a uniport pathway present at the 
apical membrane, accompanied by Nat passing through paracellular pathway 
or by entering lumen of the secretory canaliculus in association with 
Kt, This Kt at the luminal surface is necessary for yt exchange for HCl 
secretion (Figure 2). 

The active transport of Cl into the lumen creates a negative 
potential Got §-408ito e—/0 ymillivolts: Most of the K* that had been 
secreted along with the Cl is reabsorbed, and H’ take their place in 
the canaliculi. CO. either from intercellular metabolism or entering 
from the blood, combines with water under the influence of carbonic 
anhydrase to form carbonic acid. HCO3 produced from further 
dissociation of carbonic acid diffuses out of the cell at _ the 
basolateral membrane. There is an electrochemical gradient favoring net 
movement of Na’ into the lumen. Nevertheless, the net output of Nat 
into the lumen is very small. The unidirectional flux of Na’ from lumen 
to blood is about one fifth of the net output. The Ht and Cl7 pumps are 
closely related. The tendency of the Cl pump to make the mucosal 


surface negative is opposed by the tendency of the proton pump to make 


it positive (28). 
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2.3 Control of Gastric Acid Secretion 

Gastric acid secretion is regulated by three endogenous substances 
including acetylcholine, gastrin and histamine. These are delivered to 
the parietal cells via neurocrine, endocrine and paracrine pathways. 
The role of these endogenous substances in stimulating parietal cells to 
secrete acid have been studied using indirect indices of acid 
secretion: i.e. oxygen consumption, morphological transformation, and 
accumulation of aminopyrine C87 )c Studies using specific 
pharmacological antagonists confirm the role of these substances in 
gastric acid secretion. 

Acetylcholine is released from the post-ganglionic vagal fibers to 
the parietal cells via muscarinic receptors. Gastrin is released by the 
antral G cell, stimulated by the direct effect of food nutrient in the 
gastric lumen (22). Gastrin is also released in response to vagal 
stimuli (67) and antral distention (82). Histamine is released from its 
storage sites either in the mast cells or in enterochromaffin cells in 
the gastric mucosa (87). The histamine then diffuses across the 


intercellular space to its target, the parietal cells. 


Parietal Cell Receptors 

With isolated parietal cells, the specificity of the receptors have 
been identified (80). There are two hypotheses that attempt to explain 
the actions of the stimulants of acid secretion by the parietal cells. 
The first model suggests that histamine is the final common mediator 
regulating the parietal cell function (15), with acetylcholine and 
gastrin activating the release of histamine from its store in the 


gastric mucosa- This concept would explain the ability of H, receptor 
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antagonists to inhibit the action of acetylcholine and gastrin. But 
this would not explain the potentiating interactions of these 
secretagogues demonstrated in vivo, or the ability of anticholinergic 
agents to inhibit the action of histamine. The second theory suggests 
that the parietal cell has specific receptors for histamine, gastrin and 
acetylcholine (87). Histamine was shown to stimulate parietal cell 
function as evidenced by increased oxygen consumption, aminopyrine 
accumulation and morphological transformation of the cell (12). Ho 
receptor antagonists inhibit histamine-stimulated gastric acid 
secretion, with a progressive parallel shift of the dose response with 
increasing dose of antagonist (88). Cholinergic agents have been shown 
to stimulate parietal cell function as evidenced by increased oxygen 
consumption, aminopyrine accumulation and morphologic transformation in 
the parietal cells with varying potencies depending on animal species 
¢12)).. Gastrin was shown to produce a small but definite increase in 
both oxygen consumption and aminopyrine accumulation in the isolated 
parietal cells (88,91). 

Potentiating interactions occur when the response to a combination 
of agents is greater than the sum of the individual responses. 
Potentiation between histamine and cholinergic agent, and histamine and 
gastrin were demonstrated (9,92). Although there is no direct 
potentiation between cholinergic agents and gastrin, potentiation 
between the two occurs when histamine is present (91,92). 

Atropine inhibits not only vagal cholinergic stimulation of acid 
secretion, but also secretion stimulated by histamine or gastrin (53). 
Similarly, the histamine H, receptor blocker inhibits not only histamine 


stimulated secretion but also that elicited by gastrin or cholinergic 
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stimulation (87). Interdependence of vagal activity and gastrin has 
been suggested by Olbe, who found that acid secretion decreased in 
response to vagal activation in dogs with antrectomy; the response could 
be restored with the administration of gastrin (68). In contrast, this 
finding was not found in man (51), suggesting that the interdependence 
of secretogogues may be species specific. 

The action of histamine on the parietal cell is closely related to 
c-AMP production, as histamine stimulation of c-AMP production seems to 
correlate with parietal cell function (93,111). Also Hp -receptor 
antagonists have been shown to inhibit stimulation of c-AMP production 
in several animal studies (18,94). Further, analogs of c-AMP have been 
shown to stimulate parietal cell function (93). The inhibition of the 
c~AMP degrading enzyme phosphodiesterase was shown to potentiate the 
stimulatory action of histamine on parietal cells (93). Prostaglandins 
have been shown to inhibit acid secretion, and yet stimulate c—AMP 
production in intact mucosa (20). However, prostaglandin stimulation of 
c-AMP production has been found to be inversely correlated with the 
content of parietal cells in the cell separation technique (111). This 
Suggests that cells, other than the parietal cells, are also responsible 
for the c-AMP production. Prostaglandins were shown to exert an 
inhibitory effect on the histamine action on parietal cells but not on 
cholinomimetic, gastrin or c-AMP analog (89). This suggests that 
prostaglandins specifically inhibit the action of histamine by blocking 
c-AMP production. 

Cholinergic stimulation of gastric acid secretion is thought to be 
related to the flux of calcium into the parietal cell. The calcium 


channel blocker, lanthanum, was shown to impair cholinergic stimulation, 
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and this can be restored by readdition of extracellular calcium. The 
cholinergic stimulation has been shown to be impaired with decreasing 
concentrations of extracellular calcium (86). Calmodulin, a calcium 
binding protein, increases with the influx of calcium (17). This 
protein was initially discovered as an activator of phosphodiesterase. 
Its calcium loaded forms also regulate the activity of several ‘enzymes, 
including adenylate cyclase and phosphodiesterase. Calmodulin may play 
a role in the interaction of an intracellular messenger, regulating the 
breakdown of c-AMP and prostaglandin synthesis. The role of this 
calcium binding protein in the control of acid secretion needs to be 
further studied. The intracellular mechanism involved in gastrin 


stimulation of parietal cells is not yet known. 


2.4 Gastric Secretory Response to a Meal 
Constituents of Gastric Secretion 

The principle components of gastric juice are water, hydrochloric 
acid, electrolytes, pepsin, intrinsic factor and mucus. Gastric 
contents also contain swallowed saliva and refluxed duodenal 
secretions. Both acid and pepsin increase in response to a meal but 
mucus secretion does not appear to be under the influence of feeding. 
The gastric secretory response to a meal is characterized by 
acceleration followed by deceleration. Based on the assumption that 
stimulatory and inhibitory forces are operated during both phases, the 
initial acceleratory phase would correspond to a predominance of 
stimulatory over inhibitory forces, whereas the converse would occur in 


the deceleration phase. 
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After a meal, acid secretion increases and is near the maximum that 
can be achieved with exogenous stimulant by 90 minutes. Inspite of 
this, the pH within the stomach remains relatively high, particularly 
during the first hour due to the buffering effect of food. Postprandial 
gastric secretory responses can be divided into three phases: 
predominantly stimulatory phase, predominantly inhibitory phase and 
intestinal phase. 

Stimulatory mechanisms predominate during the first 30 to 60 
minutes after a meal. Cephalic stimulation is important during this 
initial Sura phase. However, it was shown that the cephalic 
stimulation by modified sham feeding only provided about one-third of 
maximal secretory capacity (75). This cephalic phase is believed to be 
mediated by vagal stimulation of the parietal cells and partly through 
vagal stimulation of gastrin release (96). The effect of gastric 
distention on gastric acid secretion was shown to amount to one-third of 
the maximal secretory response. It is believed that fundic distention 
stimulates gastric acid secretion through vagovagal and intramural 
cholinergic reflexes (3/7), whereas antral distention decreases gastric 
acid secretion (83). Both stimulatory and inhibitory effects of fundic 
and antral distention probably operate simultaneously. Gastrin is 
released from the antrum under the effect of intraluminal nutrients such 
as amino acids and calcium. This component may account for the 
remaining acid response to a meal. The less well defined intestinal 
phase of postprandial gastric secretion may cause net stimulation or net 
inhibition of gastric acid secretion. 

After the first postprandial hour, the gastric secretory rate 


declines due to weakening stimulatory forces and rising inhibitory 
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forces. The effects of cephalic stimulation fade away and gastric 
distention diminishes as the volume of gastric contents begins to 
decline. The remaining stimulatory forces are the chemical action of 
food nutrients and the stimulatory force from the intestinal phase. 
Inhibitory forces become predominant in the last postprandial hour. 
Immediately after the ingestion of food, the intragastric pH rises due 
to the diluting and buffering effects of food. Intragastric pH 
gradually declines during the stimulatory phase of acid secretion, until 
a pH of about 2.0, which is optimal for peptic activity, is achieved. 
Acidification of gastric contents exerts a negative feedback control on 
gastric acid secretion. However, a decrease in secretion was observed 
even if gastric contents are artificially sustained at pH 5.5 by 
intragastric titration with alkali (27). This suggests that factors 
other than gastric acidification are responsible for the inhibitory 
effects. It was shown that duodenal acidification, by direct infusion 
of acid, could inhibit gastric acid secretion stimulated by either 
exogenous secretagogues or by gastric distention (50,112). Gastric and 
duodenal acidification may inhibit postprandial gastric secretion 
through neurohormonal mechanisms. Somatostatin, which inhibits acid 
secretion, may be released in response to low antral pH (104). 
Glucagon, similar to secretin, inhibits gastric acid secretion, but its 
physiologic role in regulating acid secretory response is not precisely 
known (59). When food enters the small intestine, both stimulatory and 
inhibitory actions occur during the intestinal phase. The net effect 
depends on the nutrient composition of chyme, the level of exposed 
intestine, and the period after a meal. Luminal protein stimulates 


gastric acid secretion when infused intraduodenally, but no effect was 
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shown when this protein was infused intrajejunally (34). This acid 
secretion produced by intraluminal protein has been postulated to be 
mediated by the release of gastrin and enteroxyntin (36). Both luminal 
fat and carbohydrate have been shown to inhibit acid secretion at all 
levels in the intestine (69). An intestinal stimulatory action may have 
a more obvious effect later after meals when the gastric stimulatory 
force is declining. 

Gastric emptying is also important in regulating the time over 
which this gastric stimulation of acid secretion takes place. Nutrients 
are emptied from the stomach at different rates depending on chyme 
composition, consistency and amount. Each of these factors also affects 
gastric secretory responses differently. For example: amino acids 
stimulate acid secretion whereas fat and carbohydrate inhibit acid 
secretion. The larger nutrient loads entering the jejunum have more 
pronounced effects on gastric response to the meal than the smaller 
nutrient loads. 

Besides chemical properties, the physical characteristics of meals 
also influence the magnitude and duration of the gastric secretory 
responses. The cephalic phase would be influenced by the external 
appearance of a meal and by individual preferences. The route of 
ingestion also influences the gastric secretory response, as chewing 
during oral ingestion contributes to the cephalic phase of acid 
secretion (75). Swallowed saliva may affect both intragastric volume and 
acidity as it neutralizes some of the secreted acid. It is also 
possible that saliva contains substances which influence acid secretion. 

It was shown that ordinary meals eaten in solid-liquid form 


resulted in a greater secretory response than identical meals delivered 
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intragastrically after homogenization (61). 


2.5 Methods of Gastric Acid Measurement 

Several methods have been used for measuring gastric acid. 
Gastric Aspiration 

Gastric content is aspirated through a nasogastric tube which is 
placed in the most dependent part of the stomach under fluoroscopic x- 
ray control. The acidity of aspirated gastric juice can be determined 
by pH measurement using a glass electrode or by titration with sodium 
hydroxide (NaOH). The number of millimoles of NaOH needed to titrate 
the gastric juice represents the “titratable” acidity in millimoles per 
liter. The pH measured by the glass electrode is converted to hydrogen 
ion (at) using the standard table of Moore and Scarlata (66). This ae 
activity can be converted to H* concentration using Sactivicty 
coefficients previously published by these workers. It was pointed by 
Pounder et al that these activity coefficients do not apply to gastric 
juice containing food buffer (73). 

This method cannot accurately measure acid secretion in the 
presence of food in the stomach. Secreted acid may be emptied from the 
stomach, neutralized by refluxed duodenal and pancreatic contents, 
saliva or non-parietal cell secretion, or may diffuse back across the 
gastric mucosa. 

The basal acid output (BAO) can be measured by gastric aspiration 
in the absence of intentional or avoidable stimulation. The gastric 
juice is continuously aspirated and collected at 15-minute intervals 


over a one hour period. The volume and pH of the gastric contents are 
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measured and the total acid output can be calculated from the products 
of the acid volume and concentration. 

The acid secretory responses to secretagogues are expressed as 
maximal acid output (MAO) or peak acid output (PAO). The acid output is 
determined from the 15-minute fractions of gastric aspiration over a one 
hour period after the administration of pentagastrin (6.0 mcg/ke, 
subcutaneously) or histamine (40mcg/kg). The MAO (mmol/hr) is 
calculated by multiplying the highest value of acid output by four, and 
the PAO (mmol/hr) is calculated by multiplying the sum of two 
consecutive highest values of acid output by two. 

The rate of BAO varies with time, whereas the PAO remains 
relataively constant over long periods of time. There is no correlation 
between BAO and serum gastrin concentration (32,102). However a 
correlation between BAO and serum pancreatic polypeptide, which is 
believed to be under vagal control, has been previously shown (64). PAO 
is a function of the subject's sex, body weight, lean body mass and 
weight. The MAO is thought to correlate with the number of parietal 


cells. 


In vivo intragastric titration 

This technique was introduced by Fordtran and Walsh (27). To 
measure acid secretion in the presence of food in the stomach, the 
intragastric pH is maintained at the pH of the homogenized meal (pH 5.5) 
by infusing 0.3N sodium bicarbonate (NaHCO3). The number of milli- 
equivalents of bicarbonate necessary to maintain gastric pH at 5.5 is 
assumed to be equal to the number of milliequivalents of acid 


secretion. The gastric samples are obtained every 2-3 minutes for the 
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pH measurement. A previous study (25) suggested there were higher 
values for acid secretion with in vivo intragastric titration at pH 5 
than with gastric aspiration. It was postulated that secreted acid may 
be incompletely recovered during aspiration. Acid secretion may be 
higher at pH 5 than when the pH is more acidic. In spite of the 
correction of transpyloric losses, using the nonabsorbable marker 
polyethylene glycol, with gastric aspiration (62) or changing the pH 
endpoint of intragastric titration to pH 2.5, the difference in acid 
secretion persists. Finally, gastric distention may contribute to 
increased acid secretion observed with the intragastric titration 
technique. 

Intragastric pH monitoring has been a useful technique to assess 
the effects of diets and medications over a relatively prolonged period 
and under physiologic conditions closest to real life. ind cmeeac cd 
milieu, determined by pH measurement, represents the actual condition 
where medications are to be used. The concentration or activity of 
gastric acid in the stomach may be more important than the actual amount 
of secreted acid in providing the Ht available for damage at the mucosal 
membrane. It is presumed that the gastric content is well-mixed 
considering the peristaltic activity of the stomach and correlation 
between intragastric acidity and intraduodenal acidity was previously 
shown (3). It is not known whether the acid volume, acid concentration 
or total acid output is the major determinant of mucosal injury. The 
gastric volume may be important as it would determine the total acid 
load into the duodenum or the total amount of acid remaining in the 
stomach, which might predispose to ulcer formation or reflux into the 


esophagus. On the other hand, the acid concentration present at the 
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mucosal membrane, regardless of the volume, may increase propensity to 
mucosal damage. Comparative effects of different antisecretory regimens 
on gastric pH and gastrin profiles are the main interests in 
interpreting the results. 

The pH profile is influenced by the quantity and nature of food 
(5,14). It is therefore necessary to control the diet and the timing of 


samples when an effect of antisecretory drug is tested. 


2.6 Gastrin Metabolism 


Chemistry 

Gastrin is a chain of amino acids with N-terminal on one end and 
carboxy-terminal on the other end. There are multiple molecular forms 
of gastrin and they are abbreviated according to the number of amino 
acid residues that they contain. They occur either in sulfated or 
nonsulfated form. The most abundant forms of human gastrin are G-34 and 
G-17. A larger molecular form of gastrin, G-34, or big gastrin, was 
identified in plasma and tissue by Yalow and Berson (114). Gastrin 
heptadecapeptides or G-17, were purified from human antral mucosa by 
Bentley et al (8). 

Most of stored hormone in the G-cell is the G-1l/7 form. Ltieis 
believed that conversion of G-34 to G-17 takes place in the G-cell. The 
other molecular forms identified are big-big gastrin (115), which has 
not been characterized chemically and biologically, and the smaller form 
of G-14. The biological actions of the gastrin molecule are determined 
by the carboxy-terminal portion. Molar potency has been shown to 


increase with chain length from G-14 to G-34, when expressed as the 
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exogenous dose required to achieve maximal response (107). When 
considering blood levels needed to achieve maximal responses, G-l7 was 
shown to be more potent on a molar basis than G-34 (107). However, the 
blood level is determined by the clearance rate of the hormone. 
Recently, it was shown that synthetic G-34 is as potent as G-l7 on a 
molar basis in normal control and duodenal ulcer subjects (23). 
Pentagastrin is a gastrin-like peptide, a commerically available 
synthetic pentapeptide consisting of the C-terminal tetrapeptide amide 
of gastrin. Its potency is comparable to that of the C-terminal 
pentapeptide amide of gastrin. The C-terminal pentapeptide amide 
sequence of gastrin and cholecystokinin (CCK) is identical, and this 


fragment has all the biologic actions of both hormones. 


Distribution of Gastrin 

By using immunocytochemical studies, it was shown that gastrin- 
containing G-cells are located in the gastric antrum and in the proximal 
duodenum (35). G-cells have a flask shape with a broad base and a 
narrow neck that extends to the mucosal surface. Gastrin-containing 
storage granules are at the base of the cell and microvilli are present 
at mucosal _ surface. These microvilli may contain receptors for 
stimulation and inhibition of the G-cells by intragastric contents. 

G-17 is the major gastrin in the extract of antral mucosa. The 
highest concentrations of intestinal gastrin are found in the proximal 
duodenum, with progressively lower concentrations in the remainder of 
the duodenum and jejunum. After antrectomy and gastroduodenostomy, the 
increase in serum gastrin in response to feeding was shown to be as 


great as before antrectomy (97). In the basal state, about two-thirds 
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of the serum gastrin is G-34. G-34 and G-17 increase following food, 
with about half of the serum gastrin being G-34 postprandially. 
Measurement 

Radioimmunoassays have been developed for the measurement of serum 
gastrin with high sensitivity and specificity (65,76). The most common 
and versatile gastrin radioimmunoassay utilizes antibodies specific for 
the biologically active C-terminus of gastrin that react approximately 
equally well with G-34, G-17 and G-14, and exhibit minimal cross 
reactivity with CCK peptides. G-34 is the predominant circulating form 
and G-17 comprises 10-30 percent of total immunocreativity. Very small 
amounts of G-14 may be present in the _ serum. Because of the 
heterogeneity of circulating gastrin and because different molecular 
forms vary in biologic activity, total gastrin activity determined by 


radioimmunoassay only represents a crude index of bioactivity. 


Regulation of Gastrin Release 

The release of gastrin from the G-cells is under the influence of 
chemical mediators. Under physiologic conditions, gastrin release is 
stimulated by intraluminal peptides, amino acids, gastric distention, 
and vagal cholinergic activation. The physiologic roles of calcium and 
epinephrine on their stimulating effects of gastrin release are not 
known (55,56). 

The role of cholinergic mechanisms for gastrin release in man has 
not been established. Sham feeding causes release of gastrin (52), but 
carbachol infusion failed to increase serum gastrin concentration. 
Atropine enhances rather than inhibits gastrin release in response to 


vagal stimulation (24). This implies that cholinergic control of 
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gastrin release is both stimulatory and inhibitory. The role of gastric 
distention on gastrin release in man has not yet been proven, although 
gastrin was shown to be released when antral or fundic portion of the 
stomach were distended in the dog. 

The release of gastrin is under negative feedback control, in 
which gastric acid secreted in response to gastrin inhibits further 
release of gastrin. Gastrin release in response to stimulants is under 
the influence of intraluminal pH. However, the acid and alkali have 
little or no effect on unstimulated resting gastrin levels. Secretin, 
glucagon, VIP, and GIP inhibit the release of gastrin from G-cells, and 


also inhibit the action of gastrin on parietal cells (106). 


Metabolism 

In dogs, the half-lives of G-17, G-34, and big-big gastrin are 
found to be approximately 3, 9 and 90 minutes respectively (98). The 
half-life of G-14 is about the same as G-l7. The half-lives of natural 
human G-17 and G-34 were found to be 5 and 42 minutes respectively 
(108). 

Gastrin is excreted through the kidney and is’ presumably 
metabolized within the kidney, as very little gastrin appears in 
urine. An increased serum gastrin concentration occurs in 
nephrectomized patients and patients with severe renal disease (54). 

The small intestine also appears to play a role in gastrin 
metabolism. Hypergastrinemic responses to feeding have been shown in 
patients following a massive intestinal resection (99). It has been 
suggested that the liver plays a minor part in the inactivition of G- 


is The liver actively removes shorter, biologically active gastrin 
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fragments from the portal circulation, including the tetrapeptide and 
pentagastrin. 

The basal gastrin concentration in duodenal patients has been shown 
to be similar to the values observed in control subjects (103). It is 
not known what proportion of this basal gastrin is composed of 
biologically active forms of the hormone. However, there is no 
correlation between the basal acid output and the basal gastrin 
concentration in patients with either duodenal ulcer or gastric ulcer 
(110). The gastrin concentration in response to feeding has been shown 
to be higher in both duodenal and gastric ulcer patients (21,63) than in 
normal subjects. It was shown that G-34 responses to feeding were 
higher in duodenal ulcer and gastric ulcer subjects than normal, but G- 
17 responses were similar (100). Further, the G-34 responses to feeding 
were shown to be higher in gastric ulcer than in duodenal ulcer patients 
(16). There is no difference in the proportion of G-34 or G-17 in 
antral or duodenal tissue in patients with gastric or duodenal ulcer 
(16). Duodenal ulcer patients have been shown to have increased 
sensitivity to exogenous pentagastrin (44) and their feedback mechanism 
of gastrin release may be defective (109). 

ZoieePepteLceActivity. 

Peptic aggression is determined by acid and by pepsin. There are 
no methods to measure pepsin directly. The relevance of in vitro 
proteciytaceractivitym of pepsin © toe = peptic seageressione inte wivo Gis 
uncertain. 

The measurement of peptic activity is relatively difficult, is not 
standardized, and is complicated by the fact that the pepsins and their 


precursors are heterogeneous proteins that differ in their 
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physicochemical, biochemical and immunochemical characteristics, and in 
their cellular origins. There are two immunochemically distinct types 
of pepsinogen in man: pepsinogen I, which is derived primarily from the 
chief cells in fundic mucosa, and, pepsinogen II which is produced by 
chieimece lis Stin ethe® pylorickeslands ink the Meastrici@antrium #(3)e 
Pepsinogens are converted to their respective enzymes, pepsin I (pepsin) 
and pepsin II (gantricsin). 

The pepsin concentration in gastric juice is conventionally 
estimated by determining the rate at which a sample of this fluid 
hydrolyzes a protein neeraee usually bovine hemoglobin at a single 
pH. The peptic activity of gastric juice is not necessarily 
proportionate to total pepsin concentration, since the pepsins do not 
have the same optimal pH and since they differ in their specific 
activities. In vitro measurements of the level of peptic activity 
produced by different pepsins against substrates may not indicate the 


level of peptic activity that is experienced by the mucosa in vivo. 


Pepsin-acid Relationship 

Hydrochloric acid is required for the activation of pepsin. 
Pepsinogen secretion from the chief cells in response to stimulation is 
modulated by gastric acid (49). This effect is believed to be mediated 
through a local cholinergic reflex. Acid is required for the conversion 
of pepsinogen to pepsin. Pepticomactivityeismoptimalveatemacidic ply 
although this optimal pH varies for different pepsins in their specific 
activities for different proteins, but none of the pepsins exhibits 
proteolytic activity above pH 5.0. Acid denatures proteins and makes 


them more susceptible to peptic digestion. The products of peptic 
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digestion stimulate gastrin release which in turn stimulates further 
secretion of acid and pepsinogen. Pepsinogen is stimulated by similar 
secretagogues that stimulate acid output. 

A marked reduction of the peptic activity of gastric juice could be 
obtained by inhibiting pepsinogen secretion or acid secretion. It was 
shown that the stimulation of pepsin release by food is dependent on 
intact vagal innervation (38). By using human hemoglobin as substrate, 
it has been shown that peptic activity is influenced by pH. The optimal 


pH for peptic activity was shown to, be at: pH 1-1.6 and at pH 3.6 (13). 


2.8 Mucosal Defense Mechanism 

Mucosal defense mechanism is a functional description of an 
interplay between several factors that may be important in protecting 
the gastric mucosa against the potentially damaging effects of gastric 
contents. The normal gastric mucosa has a great capacity to resist Ht 
back diffusion, inspite of the high concentration gradient between the 
lumen and the blood. This property of the mucosa which resists acid 
back diffusion and mucosal injury is called the “gastric mucosal 
barrier”. This barrier may be considered as a series of physico- 
chemical barriers dependent on several interacting factors. The main 
components of the gastric mucosal barrier are: the surface epitheliun, 
the surface mucus layer, the mucosal bicarbonate secretion, and the 
mucosal blood flow. 

A two component barrier consisting of the mucus layer lining the 
gastric mucosa and the adjacent layer of the surface epithelium was 


proposed by Hollander (43). Subsequently, Davenport suggested that the 


_ sy 
ed iar noah "Siac es es. aa 2 4p ootsiiuan-telie 2 7] cE 
aw *¢. veadibtetoet BPs To 61 le7955. ca qontedg yo: bs nein ww o as 
mm SJaskweged tL Spek yal aewedies fae YW ar ihtwnday a 180. ees 
2 yatos 66 oltghganed waned. gata. +94) cotieweel Jager Seger” 7 5 


il 


- 


7 
= eo 


fe et Bazeoebie ec rrdhhe ge obs0q Jett see nee aed a a 
Hig jax bd o3,.0Wads vin <aivizee shoqeg 0% fig» ee 


Lanrnen Set 


(LJ; Get Bq -au Seu dein. 


a ie 
if i” 
7 - 7 
ay y 
39 
lind .Y aeesee Laatingt (GR 575s 


a a 
: 


+ Sfahedioentt «© 34 madnptiooy | saneaed Imaogwit 
muted of adedtngit pag Yer Gal? EROssAe 4S eeeee naawced trdenesay  — “a 


sirtopy 2 wiediee é ttl) Cléptrefore ats sorigge seb oetzeag: aad 7 
. | a 
7h) defen 65. wkloagay Ikeda) we amet pede sate Dare) of. «eis 
"ie u@eged. Gus thats: Worse Shraqnas Asie afi} 16 ayigan , adap htrb oad = 


ie etebédes cb2 bec’ Oe’ Te) YbeesY ent tsoebe od? Bae) Gam. 5S 7 
gt * betfes ef valle? Tsabon) ‘hee aahewtyee dosed 


as 


“ppleths 2 ust ser Behe bo rnhaday! of “er meee est owe dona - : 


ine 2iitess” 


nian aul sere tna) ont ane ght Lepore en tanboseet evesryad tectemda - 

sulle hee ete bse vhs .oie TeRtigd  DSe2an 253 Aeag wie So, epee eae 

ott bee ghobtetoss etauodvestt toes se: Gaye] sue sorimea sdf 
.wolt byeié Jesopum _ 


ns gates YT -nyeed sin to gelgieanad Taaisad uonenet wd I ed 
enn md iabalge, serve ony. 3y quay agmatine obs shtoum -sineaaig, 
ccneecaear anand cE) sabe hot Nt gong 


yen - 
J ve 7 
: a 7 


~~ 4 --. cians > is ed - on 


28 


gastric mucosal barrier is formed by the apical membrane of the 
epithelial cell together with the tight junctions which prevent the H 
ion back diffusion (19). The idea of the possible role of mucus in 
protecting the gastric mucosal epithelium was introduced by 
Heatley (40). The unstirred water layer also influences the access of 


Ht to the membrane and along with the mucus it may form a mucus- 


bicarbonate layer through which diffused Ht is neutralized by 
bicarbonate secreted from the gastric mucosa (101). 

The gastric mucosa is a tight epithelium and is one of the most 
impermeable membranes in the body. The lipoprotein apical membrane 
constitutes a major barrier to potentially damaging. agents. This 
barrier is formed by the apical membrane of the surface epithelial 
cells, along with the tight junctions which prevent the diffusion of 
ions (19). The luminal acid diffuses into the mucosa when the barrier 
property is broken. Approximately half a million cells are lost from 
the gastric mucosa each minute and the surface epithelial cells have a 
life span of 2-6 days. A balance between cell loss and cell replication 
is essential for maintenance of barrier integrity. 

The mucus is secreted from surface epithelial cells and mucus neck 
cells in the gastric gland. The mucus forms a gel adhering to the 
surface of the gastric mucosa. A lubricating action of gastric mucus is 
known to protect the mucosa from mechanical abrasion. Mucus also 
provides the mixing barrier for the diffused H* and the secrete HCO3 . 
The gel forming and viscous properties of mucus depend on undegraded 
glycoprotein. This undegraded glycoprotein complex is a polymer of four 
glycoprotein subunits which are joined by disulfide bridges linking 


their protein cores (4). This undegraded glycoprotein is susceptible to 
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proteolysis. 

Hhem Lunction Moteeethes gastric amucussaaels sdetermineds byjestts 
concentration and structure of glycoprotein. Both the depth and 
structure of the surface mucus are important in protecting gastric 
mucosa. The thickness of the surface mucus is determined by the dynamic 
balance between the rate of mucus secretion and erosion by peptic 
digestion. The production of the mucus gel depends on its rate of 
secretion, the concentration of undegraded glycoprotein, and by the 
ratio of undegraded and degraded glycoprotein subunits. Mucus gel 
erosion depends on the rate of proteolysis by pepsin and by the 
mechanical removal of mucus. 

Previous studies suggested the active bicarbonate (HCO: ) transport 
from the gastric mucosa (26,74). HCO3 secretion can be demonstrated 
when acid secretion is blocked by an H, receptor antagonist. The HCO,” 
mucus barrier implies that the luminal Ht is separated from epithelial 
HCO, by an unstirred mucus layer through which ar” diffuses slowly and 
is neutralized by HCO. The pH gradient across the mucus layer from 
acidic pH on the luminal side to neutrality on the epithelial side was 
demonstrated by using a pH microelectrode (6). 

The mucosal blood flow may also play a role in the mucosal 
defense. It may maintain intramural pH by removing, diluting or 
buffering the acid load from back diffusion. The mucosal metabolic and 
secretory states are also maintained by the gastric microcirculation. 

The protecting role of these gastric mucosal defense factors has 
been proposed based on evidence that agents which alter the mucosal 
defense mechanism are injurious to the gastric mucosa. The injurious 


effect of aspirin and ethanol on the gastric mucosa may be related to 
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their action on mucus depletion. The role of mucosal defense is also 
supported by the protecting action of agents that improve mucosal 
resistance, such as prostaglandins. Inspite of the accepted role of 
this mucosal defense, its pathophysiologic role in peptic ulcer disease 
is not known. 

Only recently has there been increasing interest in the role of 
mucosal defense in peptic ulcer disease. Several agents that improve 
mucosal defense have been shown to be effective in the healing of peptic 
ulceration. Hitherto, the approach to therapy of peptic ulcer disease 
has been aimed mainly at gastric acid reduction. A section on medical 
Management of uncomplicated peptic ulcer disease in adults is given in 


the appendix. 
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3. COMPARATIVE EFFECTS OF TWO CIMETIDINE REGIMENS 
ON 24-HOUR INTRAGASTRIC ACIDITY 


IN PATIENTS WITH ASYMPTOMATIC DUODENAL ULCER 


(A modified version of this chapter has been published. V. Mahachai, kK. 
Walker, F. Jamali, H. Navert, D. Cook, A. Symes, and A.B.R. Thomson. 


Clinical Therapeutics 1984; 3:259-281.) 
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SUMMARY 


The effect of 600 mg of cimetidine given twice daily on 24-hour 
intragastric hydrogen ion (a) concentration was compared with that of 
the standard regimen of 300 mg of cimetidine given four times daily in 
six patients with asymptomatic duodenal ulcer. According to the double- 
blind, Latin-square, repeated-measures design, all subjects followed 
each cimetidine regimen and a placebo regimen for one week. Acid 
secretion studies and determinations of drug and gastrin levels in the 
blood were carried out on the last day of each treatment .week. 

Although 600 mg of cimetidine BID suppressed Ha after breakfast and 
during the night, compared with placebo treatment (P < 0.01), the 300-mg 
QID regimen suppressed Hy only after breakfast and supper (P < 0.05). A 
higher percentage of pH readings > 3.0 were obtained with 600 mg of 
cimetidine BID than with 300 mg of cimetidine QID during the night (P < 
0.05); compared with percentages when placebo was taken, the percentages 
of pH readings > 3.0 were greater both overnight and during a 24-hour 
period only when 600 mg of cimetidine was given BID (P < 0.01). 

The observed difference in intragastric ae suppression after each 
regimen could not be explained by variations in serum concentrations of 
cimetidine or serum concentrations of gastrin. Despite similar peaks of 
serum cimetidine after evening doses of 300 or 600 mg of cimetidine, 
nocturnal intragastric acidity was lower in subjects given 600 mg BID. 
Further, ia levels after lunch were similar in both cimetidine-treated 
groups, despite markedly higher serum cimetidine concentrations in 
patients receiving 600 mg _ BID. Pharmacokinetic studies showed 


equivalent elimination half-times and 24-hour areas under the curve of 
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serum cimetidine concentration in patients on the two cimetidine 
regimens. Postprandial integrated gastrin responses were of similar 
magnitude in patients on either cimetidine regimen. There was no 
significant difference in mean serum gastrin concentrations during the 
night in placebo-treated and cimetidine-treated patients. Only a weak 
correlation was observed between H* and serum gastrin concentration. 
Although a fluctuation of the H’ :gastrin ratio occurred after each meal 
in all groups, the ratio was suppressed by both dosages of cimetidine. 
The findings suggest that a regimen of 600 mg of cimetidine BID is 
superior to the standard regimen of 300 mg QID in suppressing 


intragastric acidity in patients with asymptomatic duodenal ulcer. 
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INTRODUCTION 


Cimetidine administered daily in four equal doses produces a 

striking and consistent decrease in intragastric acidity in normal 
; 1 , ; ; ; ; 

subjects’ and is effective in the management of patients with duodenal 


’ 


ulcer. In North America the standard dosage of cimetidine is 300 mg 


QID. Because patient compliance might be encouraged by a simplified 
dosage regimen, we investigated the antisecretory effects and 
pharmacokinetic properties of cimetidine in dosages of 600 mg BID and 


300 mg QID in patients with asymptomatic duodenal ulcer disease. 
MATERIALS AND METHODS 
Study Design 


In the double-blind, repeated-measures, unbalanced Latin-square 
study design, six patients received each of the following treatments (in 
random order) for one week: 300 mg of cimetidine QID, 600 mg of 
cimetidine BID, and placebo. All medications were taken orally. Acid 
secretion studies and determinations of blood levels of drug and gastrin 
were carried out on the last day of each treatment week. 

The study was approved by the Ethics Committee of the Department of 
Medicine, University of Alberta, and informed consent was obtained from 


each patient. 
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Patients 


Each of the six patients had a duodenal ulcer confirmed by 
endoscopy but was asymptomatic and was not receiving treatment for the 
ulcer at the time of the study (Table 1). The mean age of the patients 
was 39 years; the mean duration of duodenal ulcer disease was 9.6 years. 
Two patients had previously experienced upper gastrointestinal 
hemorrhage, and one patient had had a perforation treated by a patching 
procedure six years prior to the study. All patients were free of 
endocrine, | respiratory, jhepatic,, ,neurologic, ,» renal, cardiovascular, 
hematologic, and allergic diseases, and none had a history of gastric 
resection or vagotomy. None drank excessive amounts of alcohol, but 
five patients were smokers who continued to smoke during the study. 
Results of a physical examination, routine laboratory screen (complete 
blood count, SMA-6, SMA-12, and urinalysis), chest roentgenogram, and 
electrocardiogram of each patient were normal. 

Before entry into the study, each patient was given a pentagastrin 
test (6 ug/kg subcutaneously). The mean (+ SE) basal acid output (BAO) 
was 4.1 + 1.5 mEq/hr, but the BAO exceeded 5 mEq/hr in two subjects. 
The mean maximal acid output (MAO) in response to pentagastrin was 41.5 
+ 5.9 mEq/hr, the MAO values in four subjects exceeding 35 mEq/hr. The 


mean peak acid output was 39.1 + 5.7 mEq/hr. 


Trial Procedure 


Patients were randomly assigned to a specific treatment schedule on 


day 1 and received 300 mg of cimetidine QID, 600 mg of cimetidine BID, 
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or placebo QID (Table 2). They returned on day 7 for gastric acid 
secretion studies, began the next treatment in their sequence on day 8, 
and returned on day 14 for gastric acid secretion studies. The last 
regimen in the sequence began on day 15, and final gastric acid analyses 
were conducted on day 21. 

Subjects were hospitalized, in a special ward that was set aside 
for®their use, vat 7:00 (onthe 924—-hour’tclock)ion days 75h14,{*and 21: 
All subjects fasted for 12 hours before the gastric acid secretion 
studes; water ad libitum was permitted during the fast. When the 
gastric acid secretion studies began, a strict protocol was followed 
(Table 3). A nasogastric tube was positioned under fluoroscopic control 
so that the tip was in the most dependent part of the stomach. Intra- 
venous infusion of a 0.9% saline solution was then initiated at a rate 
sufficient to keep the vein open and to allow free access for sampling 
of venous blood for determination of serum cimetidine and serum gastrin 
concentrations. (Approximately 750 ml of saline was infused, and less 
than 250 ml of blood was drawn, during each 24-hour period). Residual 
stomach contents were aspirated, and a control sample of 5 ml of blood 
was taken. At 8:30, patients received a standard meal and their first 
dose of drug or the placebo. The placebo or subsequent doses of the 
drug were given with meals at predetermined times (Table 2). 

Gastric acidity was monitored by a method similar to that described 
by Pounder et ick: 5-ml samples of gastric juice were aspirated at 30- 
minute intervals while the patient was awake and at 60-minute intervals 
while the patient was asleep. A 5-ml flush of the 0.9% saline solution 
was used, when necessary, to obtain sufficient fluid for pH assessment 


and to wash the syringe used to aspirate gastric juice. With a combined 
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glass and reference electrode and pH meter, the pH of the sample was 
measured to the nearest 0.10 unit, after which the sample was returned 
to the stomach. At the time of gastric pH analysis, a 5-ml sample of 
venous blood was drawn through the IV line for serum separation and 
storage at -37 °c, 

All vital signs and subjective symptoms were monitored and recorded 
every eight hours during the study. The subjects were ambulatory, ate 
their meals at a table, and entertained themselves by talking, reading, 
watching television, knitting, playing games, and walking about the 
ward. At the end of the 24-hour study period, the IV line and 
nasogastric tube were removed. The patients were instructed about the 
medications to be taken during the next week and were told to return any 


unused medication on the next study day. 


Food Intake 


The subjects could select foods from two menus (Table 4) that 
provided identical volume and identical amounts of carbohydrate, fat, 
and protein. The number of calories and the relative proportions of 
macronutrients varied from meal to meal, but this meal pattern was 
chosen to reflect usual eating habits. Each meal was consumed in 15 
minutes. Only snacks of known composition were allowed between meals. 
The volume of liquid consumed was recorded, and detailed individual logs 
of cigarette consumption (permitted ad libitum) were kept. 

The patients consumed an average of 1.659 keal/day, comprising an 
average of 183 gm of carbohydrate, 85 gm of protein, and 65 gm of fat. 


Approximate proportions of all calories provided by carbohydrate, 
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protein, and fat, respectively, were 44%, 21%, and 35%. There was no 
difference in food intake during each of the three periods. The average 
daily intake of fluids was 1.9 L. The five subjects who smoked had an 


average of 11.4 cigarettes per day. 


Hydrogen Ion (Ht) Activities and pH Profiles 


Standard tables were used to convert the results of each pH 
measurement to ne activity. Mean He concentrations (derived from the 
Same tables) for each treatment group after breakfast, lunch, and 
Supper, as well as overnight (22:30-8:30) and for the 24-hour period, 
were compared. The pH profile of each treatment group was compared by 
using the cumulative percentage of pH readings at or above values 


rangingatromii<0 tol/. 0. 


Serum Cimetidine Concentration 


The serum cimetidine concentration was measured by the high- 
pressure liquid chromatographic method of Soldin et Als Mean serum 
cimetidine levels were plotted against the time period for the two 
cimetidine-treated groups. The area under the curve (AUC) after each 
dose was determined by the trapezoidal rule from time 0O (dose 
administration) to infinity. The concentration from the previous dose 
that was present at time 0 was accounted for by calculating the area 
from this concentration-time point to infinity and subtracting it from 
the overall AUC after the dose. The overall elimination rate constant 


(Ky) and elimination half-life of each subject were determined by means 
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of linear regression analysis from the terminal portion of the 
concentration-time curve. 
: a ar : oe P ae 

The ratio of H activity to serum cimetidine concentration (H :C) 

during the 24-hour study period was compared in the two cimetidine- 
aR F 

treated groups. Each mean H wsa plotted against the mean serum 
cimetidine concentration to determine the relationship between the serum 


drug level and gastric acid suppression. 


Gastrin Measurements 


The Schwarz-Mann commercial radioimmunoassay kit was used to 
determine serum gastrin concentrations (ng/L). The integrated gastric 
response (IGR) after each meal was calculated by obtaining the AUC using 
the trapezoidal rule from time 0 (time of meal) to 120 minutes. The 
basal concentration, present at time 0, was accounted for by calculating 
the area from this concentration to 120 minutes and subtracting it from 
the overall AUC after each meal. The following equation was used to 


calculate postprandial IGR: 


x atbuee bie dre as 
IGR=t 9 ate 2 a? 68Ou 2) T 


The a, b, ... e@ represent serum gastrin concentrations in sequential 
order, a being the concentration when the meal was given. The t is the 
interval of time between each determination of serum gastrin level; T is 
the total time period for the calculated postprandial IGR. The ratio of 
+ 


H to serum gastrin concentration during the 24-hour study period was 


compared in the three groups. The relationship between serum gastrin 
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concentration and Ht was studied to determine whether cimetidine would 


altermat. 


Statistical Analysis 


Descriptive statistics concerning each variable were calculated for 
each of the three treatment groups. For these analyses, intragastric pH 
+ 
measurements were converted to H concentration, using the tables of 
4 ; + + : 
Moore and Scarlata, assuming the (Na + K ) concentration to be 50 
. ae er : 

mEq/L. AS = Moore Vande scarlata have jpointed| outs Hi activity, is 
5 alan Pe ; te ; 

significantly different fromm H concentration at pH levels usually 
P ee ate : : 

found in gastric juice, but H concentration is commonly accepted as an 

index of gastric secretion. 
The data examined were the mean pH at each observation point, the 


mean HO concentration after each meal and dose up to the next meal or 


snack, @andsithe frequency sof Goccurrenceyof pil levels) >3.0eduring® the 
night and during the total 24-hour observation period. At pH > 3.0, 
peptic activity is reduced to about 704 of maximum, ° consequently 
improving the milieu for ulcer healing. 

Mean intragastric H* concentrations at sampling times in patients 
on each regimen were compared by an analysis of variance, which took 
into eaccount. variations. in, subjects ,) periods, ,and tregimenss: pathe 
occurrence of residual effects from doses taken earlier was examined, 
but no evidence of such effects was found. 


Data on the frequency of occurrence of pH > 3.0 during the night 


and during the 24-hour study period were analyzed by an Arcsin 
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transformation; treatment regimens were compared using an analysis of 
: vi 
variance. 
; x ; Aree ; 
Graphs showing pH, H , serum cimetidine concentrations, serum 


gastrin concentrations, and different ratios of these variables were 


plotted for each treatment group for the 24-hour study period. 


RESULTS 


q oP 4 
Intragastric H Concentrations 


Graphic representation of the mean pH at each observation point 
over the 24-hour period (Figure 1) shows postprandial elevation of pH 
regardless of treatment. Postprandial increases in pH were higher 
during cimetidine administration than during placebo dosing. Mean ae 
concentrations equivalent to the pH measurements during periods after 
meals and after the bedtime dose are shown in Table 5 and in Figure 2. 
At each period the mean a concentration is highest for the placebo 
regimen, and there is an obvious decrease following each dose of 
cimetidine. The effect of the QID regimen was significantly different 
from that of placebo only after breakfast and supper (P < 0.05). A 
Signifaicantiireduction? CP: <10.01) ran Ht concentration followed the 
breakfast dose and the bedtime dose of 600 mg of cimetidine. In terms 
OG = intragastric ut concentrations, there was no- statistically 
significant difference between the two cimetidine regimens at any 
observation period. 

When the frequency of pH measurements > 3.0 during the night was 


examined (Table 6 and Figure 3), the response of patient 3 was 
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noteworthy because the intragastric pH was > 3.0 only once during the 
night after any of the treatments. When the frequency of elevated pH 
during the 24-hour period was examined (Table 7), three patients (1, 2, 
and 6) had a greater frequency of pH > 3.0 durng the 600-mg BID regimen 
than during the 300-mg QID regimen. In each of these patients, the 
frequency of pH elevation during the night was considerably greater 
after 600 mg than after 300 mg of cimetidine (Table 6), accounting for 
this difference between the two regimens. This effect of the 600-mg BID 
regimen of cimetidine was significantly different from that of either 
the 300-mg QID regimen (P < 0.05) or placebo (P < 0.01) during the night 
(Table 6) but was significantly superior only to placebo (P < 0.01) 


during the 24-hour period (Table 7). 


Pharmacokinetics of Cimetidine 


Results of the pharmacokinetic measurements made after each dose of 
cimetidine are given in Tables 8 and 9. Figure 4 shows serum cimetidine 
concentration curves for each patient. Although certain intersubject 
and intrasubject variations are evident, the overall pattern is 
consistent in all patients and agrees with the findings of others.® 

Peak serum cimetidine concentrations Goes) were attained within 
Ue 5¥tov3.0 hours Pech of administration, indicating a rapid absorption 
rate regardless of dosage. Although Crear values were fairly consistent 
after each 300-mg dose, this value was generally higher after morning 
600-mg doses than after evening 600-mg doses ——- evident in patients 5 
and 6, especially. The mean Seep of the morning 600-mg doses was 


significantly higher than that of the evening 600-mg doses (4.63 vs 3.08 
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ug/ml), but this difference did not result in a significant difference 
in AUC values. Patients 5 and 6, however, had substantially higher AUCs 
after the morning doses than after the afternoon doses. Although the 
mean on after the evening cimetidine dose was greater with 600 mg than 
with 300 mg (3.08 vs 2.25 yg/ml), this difference was not significant. 
There was no significant difference between patients receiving the 
300-mg and 600-mg doses in the time to peak cimetidine concentration 
eeaad After the morning dose of 300 mg of cimetidine, the serum 
cimetidine concentration remained above 0.5 ng/ml for 11.1 hours and 
abovel In eng/ml forli7.0" hours wiabilers)s The serum cimetidine 
concentration was greater than 0.5 and 1.0 mg/ml for longer periods 
after the morning than after the evening 300-mg dose (P < 0.005). In 
contrast, the serum cimetidine concentration after the evening dose of 
GCO0mngmrenained@above 0s5 and 1/0 %1¢/ml for 7.2 tand 4.5) hours, 
respectively, but shorter intervals were observed after the morning dose 
of VO00dime) (Tabler9). The 24-hour AUC and the apparent steady-state 
concentration of cimetidine were similar in patients receiving 300 mg 
QID and those receiving 600 mg BID. The half-life of cimetidine ranged 
from 1.78 to 3.91 hours, with no significant difference between the two 


regimens. 


Serum Gastrin Concentration 


The mean fasting serum concentration of gastrin was similar in 
patients receiving placebo, 300 mg of cimetidine QID, and 600 mg of 
cimetidine BID (Figure 5). In patients receiving placebo, serum gastrin 


concentrations increased consistently after each meal, the average 
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postprandial rise being approximately 952%. Postprandial increases of 
serum gastrin were higher in both cimetidine-treated groups, with 
average increases of 169% and 135%, respectively, in subjects receiving 
300 mg QID and 600 mg BID. The peak serum gastrin concentration 
occurred within 60 minutes of each meal in the three groups. There was 
no significant intergroup difference in mean serum gastrin concentration 
during the night (Figure 5). 

The IGRs over 120 min were significantly higher (P < 0.05) in both 
cimetidine-treated groups than in the placebo group only after the 8:30 
dose (Table 10). Although there was a tendency toward higher IGRs in 
cimetidine groups than in the placebo group after lunch and supper, the 
differences were not statistically significant. When the two cimetidine 
groups were compared, the IGRs after each meal were not significantly 


different. 


Relationships Between Intragastric nue Serum Cimetidine, and Serum 


Gastrin Concentrations 


With the regimen of 300 mg of cimetidine QID, the ratio of ae to 
serum cimetidine concentration (H’:C) increased slightly after each meal 
(Figure 6). The average H':C ratio was higher during the 12-hour period 
after the 20:30 dose than after the three meals, but this difference was 
not statistically significant. With the regimen of 600 mg of cimetidine 
BID, the H’:C ratio increased progressively after each meal. The 
following differences in patients receiving 600 mg BID were significant 
(P < 0.05): breakfast vs lunch, lunch vs supper, breakfast vs supper. 


The mean H':C ratio with 600 mg of cimetidine BID was significantly 
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higher than with 300 mg QID only after lunch and supper (P < 0.05). 

In subjects receiving placebo, the mean ratio of intragastric Ht to 
serum gastrin concentration (H’:G) showed a biphasic response after each 
meal, with a decline, a rise, and a later decline occurring over a 
2.5-hour period (Figure 7). When 300 mg of cimetidine was given QID, 
there was a similar pattern of H':G ratios after each meal, except that 
the postprandial increases were lower than those in subjects receiving 
placebo. With 600 mg of cimetidine BID there was a marked suppression 
of the H':G ratio after breakfast CPE <@r0 0). eee lhe H’:G ratio was 
Simi larg ingsubjectsmceceiying (600 mg of icimetidine BID and those 
receiving 300 mg QID, and the H':G ratios after each meal were lower in 
the two cimetidine groups than in the placebo group. The mean overnight 
H’:G ratio was significantly higher (P < 0.05) in subjects receiving 
placebo than in those receiving either dosage of cimetidine. 

There was a weak but significant negative correlation between 
intragastric He and serum cimetidine concentration in patients receiving 
either dosage of cimetidine (r = -0.48, P < 0.01 with 300 mg QID and r = 
0.48, P < 0.01 with 600 mg BID). A weak negative correlation was also 
noted between intragastric ae and serum gastrin concentration in the 
cimetidine groups (r = -0.45, P = 0.049 with 300 mg QID and r = -0.44, P 
= 0.055 with 600 mg BID). There was a weak but significant negative 
relationship between an and serum gastrin concentration in the placebo 
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DISCUSSION 


Serial measurements of intragastric pH during a 24-hour period are 
useful for studies of the effects of drugs or diet on gastric acidity 
because such measurements are likely to reflect ae activity’ in the 


stomach as affected by factors of daily iy neh eee 


Studies using the 
Latin-square design — each subject serving as his or her own control — 
reduce intersubject variability and allow for more sensitive assessment 
of an antisecretory regimen. 

Peterson and coworkers!!} used a similar technique to test the 
effects of “extra effort" drug regimens on 24-hour intragastric acidity 
in patients with inactive duodenal ulcer. In their study as well as 
ours, fewer than 10% of the pH readings in the placebo group were > 3.0 
during the day, overnight, or throughout the 24-hour study period. In 
both studies, about 30% of daytime pH readings were > 3.0 in patients 
treated with 300 mg of cimetidine QID. In contrast to the findings of 


ie the present study found a lower percentage of pH 


Peterson et a 
readings™> 93.00 during®sleep ‘and throughout ‘thee24-hour® period in 
patients receiving 300 mg of cimetidine QID. Although the explanation 
for differences is not clear, the mean peak acid output in response to 
pentagastrin (6 pg/kg) was greater in the patients studied by Peterson 
et al than in ours: 46.8 vs 39.1 mEq/hr. In the study by Peterson et 
al, double-dose cimetidine (600 mg QID, with meals and at bedtime) was 
compared with standard cimetidine therapy (300 mg QID, with meals and at 


bedtime). This “extra effort" (double-dose) regimen was significantly 


better than the standard cimetidine regimen in reducing intragastric 
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acidity during the daytime, but it did not have the same effect during 
the hours of sleep. 

In the present study, both cimetidine regimens provided 1,200 
mg/day, or only half as much cimetidine as the double dose provided by 
Peterson et al. In our study, gastric acidity during the hours of sleep 
and after breakfast was significantly less with 600 mg of cimetidine BID 
than with 300 mg of cimetidine QID. This improvement was effected 
simply by changing the schedule of dosing without altering the total 
daily dose. 

The present study found that, compared with placebo, the cimetidine 
regimen using 600-mg doses significantly reduced the mean i 
concentration after the bedtime dose and after the breakfast dose; the 
regimen using 300-mg doses resulted in significant reductions in 
acidity, compared with the effects of placebo, after the breakfast and 
supper doses. Intragastric pH > 3.0 occurred more frequently during the 
24-hour period with the cimetidine regimen of 600 mg BID than with the 
usual regimen of 300 mg QID. The 24-hour effect of the 600-mg BID 
regimen on pH levels was significantly different from that of placebo, 
the differences being attributable to the marked effect of the 600-mg 
dose during the night, when pH values > 3.0 occurred significantly more 
often than after placebo or a dose of 300 mg of cimetidine. The marked 
effect of the 600-mg BID regimen on intragastric acidity during the 
night has clinical significance because it provides a milieu conducive 
to healing of duodenal ulcers. 

The results suggest that consumption of three moderate-sized meals 
and three snacks daily was sufficient to stimulate gastric acid secre- 


tion during the waking hours, with little advantage gained from the 
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buffering effects of the food. Interestingly, all six subjects 
commented that they received more food during the trial than they would 
normally have eaten at home. It is possible that the normal daily food 
intake of the subjects, all of whom were asymptomatic at the time of the 
study, was less indeed than that provided in the present experiment. 
However, the mean caloric intake during the study was about two thirds 
of that provided for normal subjects or duodenal ulcer patients in other 
AN ise aa) 


studies. Furthermore, the menus provided only decaffeinated 


coffee and no alcohol; cigarettes ad libitum were permitted. 

The variation in the pattern of inhibition of air concentration was 
not related to differences in serum cimetidine concentrations: H’ after 
lunch and supper was similar in both cimetidine groups, despite marked 
differences in serum cimetidine concentrations (Figure 4). With either 
regimen, there was only a weak correlation between serum cimetidine 
concentrations and ee The H’:C ratios after meals varied widely 
between patients receiving 300 mg QID and those receiving 600 mg BID 
(Figure 6), despite similar Fa values. After the evening dose of 
cimetidine, the pharmacokinetic parameters were similar in subjects 
receiving 300 mg QID and those given 600 mg BID (Tables 8 and 9), but 
the Ht concentration was lower in the latter group. These observations 
are in accord with those of Festen et a who found no significant 
correlation between serum cimetidine level and the outcome of treatment 
with this H,-receptor blocker in patients with peptic ulcer. 

The different patterns of Hq activity after the 300-mg and 600-mg 
doses were not explained by variations in serum gastrin concentrations, 


because the postprandial rise in serum gastrin was similar in both 


groups (Figure 5). However, the relationship between changes in serum 


eres ns prow ait 399%e _ preety 
sma ee autos nal hs odaul vi itt i Bem 


ab i ea 8 Ae paiselin 


Pe eee”. 
(a betas mS 
a . 


a 
- ae 


iparti 5a3. 3bn% aj flasog et T .onu, 2 ob 8S u et wt SaTIOL 


g siisasrednt 
=~ - 


a 11a) fattm aria ¢ sul arty * oo mo pew isso = 


z= ded 

any Sa Ysynosdaven Syeu maw tu -.8 .* 20h dye ond to: Sa mt 
. * 

265% , i ee behi vaya mis ] »ehod ~Beee anw oe - 

ae 

yw vines ats <ferub eves < gies Anes ela - 1308 i 

ve 7 


fea. anol LAvshowg: “1 e 43/1 se siren Fs sj resq jug to 


7 
bari 2 O6e FT eokhig 7 


7 


tno Ueshivord ‘spect er gaa! 
‘ati iReo Saew ore beg, oti 2.) (a0 i ae fs on bes ssi lan 
Bs "YY te pebaidtrad 20 «abised voL.abitev sft 
; ; a 
at Inscnne Begin mle mises ot asoneie tia oy pete Lor. on 

‘ : = ‘ 
bits dyad wi aal! ww (sdqgn Bre fonyl 
Rad 
jig 4n0sh0o) SIe- , i #Ang mo tiL>. 

a 

; 7 
in uowget bOlyalecsos' Gintw of alop Gen cere osmlees 
. 48 aoilse®d w Haut oth ne ialseas inesonoo 

1. peas part ae Te, Mb i Wi .soleleiat etneitaq mawiac 
= if ad { 7 " ‘, etd ¢ ov ar trie! 4 62 ie rob - ta owval J 
i : 


7 
ef Sr tae fy. wets , saleby aia 


Hh puffer) Uh! Seo Oh weve Reo brie TD gar oon privisnes 
; 1d 
omit .quors feagsl. ade nt gewet wew obs inna nod 
a | ) Gta Geeiaa - 
iy bane? ofy “Sn oa #egeet Qe seers, Wee brenoe ae baal 


7 ~~ - 


iM 
alohteo aia bow dave) BOE Rgents ei Lhe naa 108 aebsabe 
<= ae 
apie ~ragee Nabe s9 deine at i avid manent _ y Ag 


shel dl mie 
ole oe 


aoe in a 
a ai - 


pan 


Wat { , . ¢- ft ~" 
ee ee fh ute ; Lia 
a oe in » 
fs i ' 7 a 


can Se 


mit _ int 


49 


gastrin concentration and intragastric H must be reexamined: in the 
placebo group there was only a weak negative correlation between these 
variables, and there was an unexpected fall in the H':G ratio two hours 
after meals. Furthermore, in subjects on either of the cimetidine 
regimens there was only a weak relationship between serum gastrin 
concentrations and i the late postprandial fall in H':G ratio 
persisted (Figure 7), and, despite lower Ho activity in patients 
receiving 600 mg BID than in patients receiving 300 mg QID (Figure 2), 
overnight serum gastrin concentrations were similar in the two groups 
(Figure 5). 

Just as diurnal variations in the pharmacokinetics of other drugs 
have been described, !* differences between patterns after nighttime 
versus daytime doses were observed in this study: there was no 
significant reduction of H’ after 300 mg of cimetidine taken at night 
(Figure 2), and the mean peak serum cimetidine concentration after the 
nighttime 600-mg dose was only 67% as high as the mean peak serum 
cimetidine level after the morning dose (Table 9). The peak serum 
cimetidine concentration after 600 mg of cimetidine tended to be lower 
in the evening than in the morning (Figure 4). It is not likely that 
this difference was related to food intake that accompanied the morning 
dose because peak serum cimetidine concentrations were similar after 
each 300-mg dose of cimetidine. 

Bodemar et ail4 have failed to show a difference in the AUC after a 
single dose of 200 mg of cimetidine taken with food and a comparable 
dose taken after fasting, but they did not make comparisons at different 
times of the day. Since no significant differences were noted in the 


siete or the half-life of cimetidine after morning and evening doses of 


aD - 

wets teow dntk “got! 
pied ow). obges ware 
en ikiaents: ety “Be ° ‘gariea’” sits ‘dite pt —me«,«,: 


rhe taey sr ae sbsed, (pate Bikes Jouw ib YMe- an 
wrote beh ORD Died Laitimiare spats ets A hae | 
+7 ibi Fen, HE VITYL Isa *h yt 1 pacd det ‘tee sanpae nest 
C8 stamthy Gia, pe DDE grt hegre wae hay aah carts IR an OO ; 


re we ale. cb abl ears othe endtaerrs sata uttaeey ourten 
; : i 
ih THEIO, POR omit anereie sat gheSuetsel yey enswhh, os sat et 
sigio o/s -sevs72aq- eerie weonewNtaED .% * twdlapes’ Read 
$43 9) Bawrsttc acc% wekob emhoyes 
4ifalo 2 nelsq jenthidsmit Bo my Gy nergy Hy. 40 Lonis pales” Ima e 
pS: 57th, Wel es war eETS avin aed wee (Mid ide yt. 
nies slave feo dem Ale peel? hae aby SRoh perrlOa 
mide Haag SHt ? bidet auch aulipnep wile svt levest aisha 
gewol at of tet. artarossits. 16 am 000 aests PAPDETIRRTTOS voltae 
iets “ied t Son, ¢7° 32° 1% “origi article oft al ett yekueve stom 
Chast ah) habneyitooos tol sean ‘Hogs. 63 2 hedatoe caw soon i 
trtty weltate sve ancl yeti neames ‘sath btemts aeras dteq seushed 0 é 
-sitiibtonady Yo each ye-DOE 
fn gente UA mS 84 sone i a mn ‘Tis os vemnebos — } 
aldesnaaiee 8 ae yas alias ogee O08. 4a v5 ns 


: 


50 


600 mg, the observed reduction in Coa values during the evening may be 
attributed to diminished absorption. Patients 5 and 6, who showed the 
greatest differences in their morning and afternoon Se values with 600 
mg of cimetidine, also had substantially smaller AUCs after the evening 
dose than after the morning dose (Table 9). 

Lower overnight levels of eer after a 600-mg dose than after a 
300-mg dose (Figure 2), despite similar serum cimetidine concentrations 
(Figure 4), suggest that the sensitivity of the parietal cell to an Ho- 
receptor antagonist may vary between morning and night. Although the 
explanation for the lack of correlation between ae activity and serum 
cimetidine concentrations has not been determined in this study, the 
prolonged inhibitory effect of 600 mg of cimetidine taken in the 
morning, despite low serum concentrations of the drug, suggests that the 
serum concentration does not necessarily reflect the concentration of 
drugs at the Hy receptor on the parietal cell. 

Normal release of gastrin after the ingestion of food is modulated 
by acid inhibition of further gastrin release. In the patients given 
placebo, the gastrin concentration rose an average of 95% after each of 
the three meals. Postprandial gastrin release was much greater in 
cimetidine-treated subjects (Figure 5), presumably reflecting drug- 
induced inhibition of acid secretion — thus permitting a greater 
release of gastrin. Overnight basal secretion of acid probably is not 
under close control by gastrin, because serum gastrin concentrations 
were similar with placebo and the 300-mg and 600-mg doses of cimetidine. 
The greater inhibition of overnight H’ effected by 600 mg of cimetidine, 
compared with 300 mg (Figure 2), is not related to serum gastrin or 


: ; ~ 
serum cimetidine concentrations (Figure 4). However, the overnight H :G 
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ratio with 600 mg of cimetidine BID (Figure 7) suggests that sensitivity 
of the parietal cell to gastrin is influenced by 600 mg of cimetidine, 
or that some other factor influenced by cimetidine also influences 
overnight He ACELVIEYys 

In patients receiving placebo, the H':G¢ ratio fell fromyaenighyan 
the basal state to a low after dinner (Figure 7), suggesting that 
sensitivity of the parietal cell to gastrin varies during the day or 
that the roles of factors other than gastrin vary in a diurnal fashion. 
The H':G ratio is greatly influenced by cimetidine, but the diurnal 
variation persists: in patients given 300 mg of cimetidine QID, the 
ratio is highest overnight, lowest after lunch and supper, and of 
intermediate value after breakfast. The low values after lunch and 
supper correspond with the lowest values of Ht in patients receiving 300 
mg of cimetidine QID (Table 5). In contrast, in patients receiving 600 
mg of cimetidine BID, the H’:¢ ratio was lowest after breakfast and 
highest after supper (Figure 7), corresponding to the lowest and the 
highest values of Ht activity), (Tables 5). Thus the dosage schedule 
influenced the height of the serum cimetidine peak (Figure 4), the serum 
gastrin peak (Figure 5), the inhibition of acid concentration (Table 5), 
the postprandial gastrin concentration (Table 10), and the H':C ratio 
(Ficures))4 

Cimetidine has been proven to be safe and efficacious in the 
treatment of duodenal icers te2n The standard regimen in North America 
is 300 mg QID. The greater inhibitory effect of twice-daily cimetidine 
On gastric acid secretion, shown in the present study, provides a 


rational basis for the use of 600 mg of cimetidine BID in the treatment 


of symptomatic patients with endoscopically demonstrated duodenal 
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ulcers. A similar trial comparing the efficacy of 300 mg of cimetidine 
QID and 600 mg of cimetidine BID has just been completed in Canada, and 
the results suggest that the two regimens are equivalent in the healing 


of symptomatic duodenal ulcers. 1! 
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Table 2. Regimens. 


Cimetidine (C) and Placebo (P) 


Time 600 mg C, BID 300 mg C, QID 
8:30 C300 C300 
C300 R 
12:30 P C300 
P P 
£7230 P C300 
P P 
20:30 C300 C300 


Placebo 
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Time Procedure Measurements, Samples 


ee Ou) Nasogastric tube placed; 
fluoroscopy of tube 
position; IV infusion 


8:30 Breakfast; treatment 

10:30 Morning snack Gastric pH measured and 5 ml 
of blood drawn every 30 min 
ErFOMsS DU eto! 22330 

12330 Lunch; treatment 

14:30 Afternoon snack 

17,530 Supper; treatment 

20250 Bedtime snack; treatment 

225530 Optional bedtime snack Gastric pH measured and 5 ml 
of blood drawn every 60 min 
Erome22:508to8s 130 

S230 Last gastric sample taken; 


nasogastric tube and IV 
infusion removed 
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Table 4. Menus from which patients selected meals. 


Menu A Menu B 


Breakfast -- 8:30 


gm Special K 46 gm whole wheat toast 
141 gm 2% milk 5 gm butter 
12 gm whole wheat toast 92 gm scrambled egg 
5 gm butter 20 gm jam or 
48 gm scrambled egg 14 gm jam and 4 gpm sugar 
5 gm bacon (fried crisp) 150 ml orange juice 
20 gm jam or 300 ml coffee (decaffeinated) , 
14 gm jam and 4 gm sugar tea, or water 
100 ml orange juice 
300 ml coffee (decaffeinated) , 


tea, or water 
Morning snack —- 10:30 
2 gm Arrowroot biscuits 


300 ml coffee (decaffeinated), tea, or water 


Lunch —— 12:30 


76 gm tossed salad with 50 gm coleslaw 
15 gm thousand island dressing 12 gm coleslaw dressing 
43 gm hot sliced ham 50 gm roast beef 
100 gm mashed potato 87 gm rice 
5 gm butter 5 gm butter 
100 gm carrots 53 gm mixed vegetables 
130 gm canned peaches 68 gm fresh banana 
300 ml coffee (decaffeinated) , 300 ml coffee (decaffeinated), 
tea, or water tea, or water 
Afternoon snack -- 14:30 


38 gm oatmeal cookies 
300 ml coffee (decaffeinated), tea, or water 


Suppers ———l/<30 
234 gm chicken noodle soup, turkey 100 gm vegetable soup, tuna 
salad 


sandwich plate sandwich plate 
33 gm ice cream 100 gm fresh orange 
300 ml coffee (decaffeinated) , 300 ml coffee (decaffeinated), 
tea, or water tea, or water 
Bedtime snack -—- 20:30 Bedtime snack -- 22:30 
28 gm cheddar cheese (optional) 
14 gm graham wafers 150 gm orange juice 
or 


28 gm cheddar cheese 
71 gm fresh apple 
300 ml coffee (decaffeinated) , 
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ar A - 
Table 5. Mean H concentration after meals and at bedtime. 


Treatment Breakfast Lunch Supper Bedtime 
Cimetidine 
300 mg QID 10.52% 3.95 1093 * PSaa2 
600 mg BID 4,.18T LOe23 Who Fs) 154: 
Placebo 2S W510) 20.14 23.40 


* P< 0.05, compared to placebo. 


tT P< 0.01, compared to placebo. 
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Table 6. Frequency of occurrence (in absolute numbers and, 
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parentheticaliy miuapercents) ot pH > 3-0"at night after 


last dose and snack). 


Cimetidine 
Patient 

No. 300 mg QID 600 mg BID 
1 2/155 CL5:) 14/14 (100) 
2 Ay VGN C29) 13/14 (93) 
3 O/ 1400) Ty 147) 
4 Ws Lp) crew KGa) 
5 10/14 (71) Silane eoa) 
6 TES TOWED) 9/14 (64) 

Mean (%) 22.8 56.8%T 


* P< 0.05, compared to 300 mg of cimetidine QID, 


tT P< 0.01, compared to placebo. 


Placebo 


5/14 (36) 
4/14 (29) 
0/14 (0) 
0/14 (0) 
2/14 (14) 


0/14 (0) 
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Table 7. Frequency of occurrence (in absolute numbers and, 


parenthetically, in percents) of pH > 3.0 during 24-hour 


period. 
Cimetidine 
Patient 
No. 300 mg QID 600 mg BID Placebo 
t 13/3933) 22/39 (6) 3 Om? BD) 
14 wise) (AL B07 2987.) 873921) 
3 ayer (Gi sy) 4/39" GLO) 12983) 
4 10/39 (26) 5/B92613) 4/39 (10) 
D 20/398 C51) 17/39 (44) 5/89 e613) 
6 9/39 (23) ZO 39e)) 043970) 
Mean (4%) 2.8 41.8% 12D 


* P < 0.01, compared to placebo. 
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Table 10. Mean (+ SE) postprandial integrated gastrin responses 


(ng+min/L). 


Time Placebo 
8:30-10:30 2°, / mer ONO 
12:30-14:30 ep eprey Ge: Vhs Ry) 
1730-19230 TES ein ax PASO 


* pis, 8.05, compared 


to placebo. 


300 mg 


63205 
o,OU8 


10,433 


Cimetidine 
QID 600 mg BID 
1,106* 7551054 Lee a 
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6 —— = =— Placebo 
300%mai aide (8:30) 12:30, 17, 30#er20: 30) 
Gah oe) aes 600 mg bid (8:30 a 20:30) one. 
Vea) ~ 
44 -* 
ye 
a | nee a 4 ota es, 
) Fae CO NS, : fae 
R ar aN a - +O 
2 Nou on wes -— \c Oy’ ao ~~ 


0 2 4 6 8 10 2 14 16 18 20 22 
8:30 12:30 30 20:30 


TIME AFTER FIRST DOSE OF MEDICATION (Hours) 


Drug given 


Figure 1. Mean intragastric pH values of the three groups during a 


24-hour interval. 
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Figure 2. 
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Mean Al concentrations of the three groups after meals and at 
bedtime. Significant differences from concentrations in 
patients receiving placebo are indicated by *(P < 0.05) and 
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Figure 3. Cumulative percentage of pH readings above each value in the 
three groups during three periods of time. (® = placebo, &£ = 


300 mg of cimetidine QID, and M= 600 mg of cimetidine BID). 
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10.0 
Patient 2 (AG) 


Patient 1 (MW) 


Patient 3 (RB) 


Patient 6 (MO) 


PLASMA CIMETIDINE CONCENTRATION (ug/ml) 


8 12 16 20 24 4 8 Biii2 aCe 20n24a 405 
TIME 


Figure 4. Twenty-four hour pattern of serum cimetidine concentrations 


in individual patients during treatment with 300 mg QID (- - -) 


and 600 mg BID (——). 
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Figure 5. Twenty-four hour pattern of mean serum gastrin concentrations 


in the three groups. 
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Figure 6. Twenty-four hour pattern of the ratio of intragastric Ht 
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concentration to serum cimetidine concentration (H “Cyan 


patients given 300 mg of cimetidine QID (——) or 600 mg of 


the drug BID (- - -). 
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Figure 7. Twenty-four hour pattern of the ratio of H to serum gastrin 


concentration (u’ :G) in the three groups. 
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4. COMPARISON OF COMBINATION OF MYLANTA II 


AND CIMETIDINE ON 24-HOUR INTRAGASTRIC ACIDITY 


IN PATIENTS WITH ASYMPTOMATIC DUODENAL ULCER DISEASE 
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SUMMARY 


This study was undertaken to determine the effect of antacid and 
cimetidine, alone and in combination, on 24-hour intragastric hydrogen 
ion activity (Ht) and serum gastrin profiles. Eight patients with 
duodenal ulcer disease were studied using a Latin square design. 
Mylanta II given 1 and 3 hr pce and hs combined with 600 mg bid 
cimetidine (C+A7) produced more suppression of Ht after breakfast, 
overnight, and over the 24-hour period when compared to Mylanta II 7 
times daily (A7). Antacid given 4 times daily after lunch and supper 
combined with cimetidine bid (C+tA4) maintained the Aenea Tore capacity 
during this time, although C+A4 was not as effective as C+tA7. However 
C+A4 produced more suppression of nocturnal Ht as compared with antacid 
alone (A7). A higher percentage of the readings at or above pH 4.0 were 
obtained with C+A7 as compared to A7 or CtA4. A greater postprandial 
integrated gastrin response (IGR) was obtained in all treatment groups 
as compared with placebo. The mean peak cimetidine concentration (Cmax) 
was higher but the time to peak (Tmax) was shorter after the morning 
than after the evening dose. The area under the cimetidine 
concentration-time curve (AUC), Cmax and Tmax values after the morning 
and evening doses of cimetidine were not affected by the co- 
administration of antacid. In conclusion 1) combination therapy of 
cimetidine plus antacid is more effective than antacid alone in the 
reduction of intragastric Ht; 2) antacid alone fails to suppress the 
overnight intragastric acidity; 3) antacid given concurrently with 
cimetidine does not interfere with pharmacokinetic parameters of plasma 


cimetidine concentration. 
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INTRODUCTION 


Peterson and co-workers have demonstrated that the “extra-effort" 
regimen of cimetidine plus antacid, or cimetidine plus antacid plus an 
anticholinergic agent, was superior to standard cimetidine therapy (300 
mg qid) in reducing gastric hydrogen ion activities!. Cimetidine 600 mg 
twice a day is superior to standard cimetidine 300 mg four times a day 
in reducing intragastric Ht after breakfast, overnight, and over the 24- 
hour period2. The present study was undertaken to determine: 1) if 
this twice a day regimen of cimetidine could be further improved with 
antacid taken 4 or 7 times daily; 2) if potent high-dose antacid 
therapy was as effective as cimetidine taken twice daily in reducing 
H+; 3) if the 24-hour serum gastrin profile is influenced by antacid 
and cimetidine; and finally, 4) if antacid influences’ the 


pharmacokinetics of cimetidine given twice daily. 
METHODS 
STUDY DESIGN 


A double-blind, repeated measures, Latin Square Design was used in 
which each subject received all possible treatments in a sequential 
random order. Each treatment was administered on a separate occasion 
for one week each with intragastric pH monitoring, gastrin and drug 
level determinations carried out on the last day of each treatment 


week. 
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This study was approved by the Ethics Committee of the Department 
of Medicine at the University of Alberta and informed consent was 


obtained from each patient. 


STUDY POPULATION 


Eight patients with a history of duodenal ulcer previously 
documented by endoscopy or barium meal X-ray were studied. The mean 
duration of their disease was 3.9 years. They were all asymptomatic at 
the time of entering into the trial and were not receiving any treatment 
for duodenal ulcer at that time. There were 7 males and 1 female with a 
mean age of 40.6 years (range 28-67 years). Four patients had 
previously experienced upper gastrointestinal hemorrhage controlled by 
medical therapy. All of the patients were free of significant systemic 
disease and had no past history of gastric surgery or vagotomy. 
Physical examination, routine laboratory tests (CBC, biochemical 
profiles, urinalysis), chest X-ray and ECG of each patient did not show 
any significant change during the study period. The mean basal acid 
output (BAO) obtained prior to the study was 6.9 + 1.5 (SEM) mmol/hr 
(range 1.9 - 14.8 mmol/hr). In response to pentagastrin (0.6 ug/kg) 
given subcutaneously, the mean maximal acid output was 47.0 + 5.7 (SEM) 
mmol/hr (range 28.0 - 68.8 mmol/hr); only two out of eight patients had 


MAO less than 30.0 mmol/hr. 
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TRIAL PROCEDURE: 


On the study day (Day 7, 14, 21, and 28), the patients were 
hospitalized in a specially allocated hospital ward at 7:00 am following 
a 12 hour overnight fast. A strict protocol was then followed (Table 
Py a nasogastric tube (size 14 French) was positioned under 
fluoroscopic control so that the tip was in the most dependent part of 
the stomach. An intravenous infusion of 0.9% saline was then initiated 
at a rate sufficient to keep the vein open to allow for subsequent 
sampling of venous blood for determinations of gastrin and cimetidine 
concentrations. Residual stomach contents were aspirated and the pH of 
the gastric sample was measured to the nearest 0.10 unit using a 
combined glass and reference electrode and pH meter (Canlab), which had 
been calibrated with pH 2.00, 4.00 and 7.00 buffers. Patients received 
a standardized meal and their first dose of cimetidine or identical 
placebo at 8:30 am. The subsequent doses of cimetidine and antacids or 
identical placebo were given at predetermined times as indicated in 
Table 2. Gastric acidity was monitored over the 24-hour period: five ml 
samples of gastric juice were aspirated every 30 minutes while the 
patient was awake (8:30 - 22:30 hr) and every hour during the hours of 
Sleep (22:30 - 8:30 hr). The gastric sample was then returned to the 
stomach to ensure complete absorption of cimetidine and complete acid- 
buffering potential of the antacid. Venous samples were obtained and 
centrifuged, and the plasma was immediately separated and stored at -4°C 
for further analyses of gastrin and cimetidine concentrations. ALL 
subjective symptoms observed during the study period were recorded. 


Each pH reading was converted to hydrogen ion activity (an) from 
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standard table>. The Schwarz-Mann commercial radioimmunoassay kit was 


used for the determination of serum gastrin concentration (pg/ml). This 
measures both G-34 and G-1l7. The method used to calculate the 
integrated gastrin response has been published?. Plasma cimetidine 
concentration (mg/ml) was measured by using a modified reverse-phase, 
high-pressure liquid chromatography method’. The oe ee 
parameters of cimetidine given with different doses of antacid were 


studied from the plasma concentration-time curves. 
FOOD INTAKE AND ACTIVITIES 


The subjects were provided with standarized meals? with identical 
composition of carbohydrate, fat and protein between the four trial 
periods. Each meal was consumed over a 15 minute period. Regular 
snacks of known composition were allowed between meals. The patients 
consumed an average of 1890 kcal/day, comprised of 232 gm carbohydrate, 
82 gm protein, and 70 gm fat. The proportion of the total calories 
provided by carbohydrate protein and fat were 60%, 22% and 182 
respectively. There was no difference in food intake between the four 
trial periods. The average fluid intake per day was 2.4 L. Three of 
the eight subjects smoked an average of 14.6 cigarettes per day. No 
change in smoking habits was recorded during the study. All subjects 


were ambulant and encouraged to maintain their activities on the ward. 
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MEDICATION REGIMENS 


Each patient received four treatment regimens (Table 2) for one 
week each in a sequential random order. Mylanta II (composition: 
magnesium hydroxide 350 mg, aluminium hydroxide 650 mg, and simethicone 
30 mg per 5 ml; with an acid neutralizing capacity of 31.6 ner per 5 
ml) 30 ml was given seven times daily, one and three hours after each 
meal and at bedtime, either alone (A7) or in combination with cimetidine 
600 mg administered twice daily (C+A7). The combination of cimetidine 
600 mg twice daily and Mylanta II 30 ml given four times daily, one and 
three hours after lunch and supper (CtA4) was also studied. The 
identical placebo of cimetidine tablet and liquid antacid were used to 


maintain double-blind conditions. 
PHARMACOKINETICS OF PLASMA CIMETIDINE 


The cimetidine pharmacokinetic parameters were calculated in the 
C+A7 and C+A4 groups. The maximum plasma concentration (Cmax) and the 
time of its occurrence (Tmax) were obtained from the measured values. 
The elimination half-life (t 1) was calculated from the terminal slope 
(6) determined by linear regression analysis. The area under plasma 
cimetidine-concentration time curves following the morning and evening 
doses of cimetidine from time zero (i-e. dose administration) to 
infinity were calculated by the trapezoidal method, and adding the area 
obtained by dividing the last plasma concentration by the terminal slope 
(8). The concentration from the previous dose present at time zero was 


taken into account by calculating the area from this concentration-time 
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point to infinity, and subtracting it from the overall AUC after the 
dose. Because of the variability of some of the concentration-time 


points, the t > and AUC of some curves were not measured. 


STATISTICAL ANALYSIS 


A repeated measures analysis of variance was applied to test the 
difference between all treatment groups. Pairwise comparisons were made 
only if there was an overall difference. The frequency distribution of 
the pH readings at or above 4.0 in each group was tested using chi- 
square analysis. Student's t-test was employed to compare with 


pharmacokinetic parameters between the treatment regimens. 


RESULTS 


In the placebo-treated patients, the intragastric pH ranged between 
1.8 - 2.9 over the 24 hour period, with some fluctuation in pH occurring 
after meals (Figure 1). When antacid was given one and three hours 
after each meal and at night (A7), the intragastric pH values were 
higher during the daytime and during the early hours of sleep. 
Combining seven times a day antacid with cimetidine 600 mg bid (C+A7) 
was associated with a much higher pH as compared with the placebo and 
with the A7 groups. This difference was striking during both the 
daytime and during the night. When cimetidine 600 mg bid was combined 
with antacid taken four times a day, one and three hours after lunch and 
one and three hours after supper (C+A4), the pH values were intermediate 


between the low values seen in the placebo group, and the high values 
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seen in the C+A7 group (Figure 1). 

In the placebo-treated patients, the intragastric ae activities 
progressively fell after meals from 14.11 + 1.20 mmol/L after breakfast, 
to 6.29 + 0.49 after. supper (Table 3). The Ht activities were also 
significantly lower) than)’ in=the placebo group’ for -A7, -C+A7, <and C+A4 
after breakfast, after lunch, after supper, and over the 24 eas period 
(Figure 2). Both C+tA7 and C+A4 significantly suppressed intragastric ut 
activities overnight (p<0.05). The H’ activities were lower (p<0.05) in 
C+tA7 than in A7 after breakfast, after lunch and over the 24 hour 
period. The HY activities were significantly lower in C+A7 than in C+A4 
only after lunch (Table 3). 

Since peptic activity is greatly diminished at pH 40>, the 
frequencies of occurrence of pH levels equal to or greater than this pH 
during the 24-hour period, during the daytime and during the night were 
compared between all treatment groups. In the placebo-treated patients, 
less than 4% of the readings were at or above pH 4 during all time 
periods (Figure 3). The highest percentage of pH readings at or above 
4.0 was observed in C+tA7 at all time periods, with the value of 63% 
during the 24 hour period and during the daytime, and 57% overnight. In 
contrast, the percentage of readings at or above pH 4.0 was similar in 
the A7 and C+A4 groups during the 24 hour period and during the 
daytime; these values were intermediate between the lower percentage 
values in the placebo group and the high percentage values in the C+A7 
group (p<0.05). Diring the night,» a higher percentagertof tithe @pi 
readings at or above pH 4.0 was obtained in C+A7 and Ct+A4 as compared to 
the placebo group (p<0.05). There was no significant difference of 


cumulative percentages of the pH readings of pH 24.0 between A/7 and 
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placebo during the night. The higher percentage of pH readings 24.0 was 
observed in C+tA7 than in Ct+A4 or A7 during the night, but only the 
difference between C+A7 and A7 was significant. 

In a previous study, intragastric Ht activities in the cimetidine 
600 mg bid group (C) were significantly lower than in the placebo group 
after breakfast, overnight and over the 24 hour period?. As Peaaaary 
the percentage of He activities as compared with placebo were similar in 


2 


versus C+A4 after breakfast and overnight. In contrast, the addition 
of antacid after lunch was associated with a dramatic reduction in this 
Value wee COMeROO A ee CeeCOmelyca ine CrA4 (2, “ands Piguress2)i. | sAusc imi lar 
inhibitory effect of antacid was seen after supper. The gee activities 
expressed as a percentage of placebo values was even lower when antacids 
were given following cimetidine given at breakfast (11% versus 21%, CtA7 


versus CtA4, respectively, p<0.05). This ratio was approximately 


similar in A7, C+A4 and CtA7 following lunch and following supper. 
SERUM GASTRIN CONCENTRATION 


In the placebo-treated patients, the serum gastrin concentration 
rose by approximately 100% after each meal (Figure 4). In all groups, a 
greater gastrin response was observed after each meal. This elevation 
was more prolonged following supper, and the overnight gastrin 
concentrations were significantly higher in A/7, Ct+A7, C+tA4 than in the 
placebo-treated patients: the mean overnight gastrin concentration was 
27.9 + 0.4 pgm/ml in the placebo-treated patients, compared with 51.9 + 
7.8 pem/ml in A7, 50.3 + 5.2 pgm/ml in CtA7, and 46.2 + 3.2 pem/ml in 


C+A4 ° 


30) 4 ao ms ais 


is 
a 
The ee ) 
Riri linge) oew Shs $e 
be ; ; 
. | it) tet Pjetsos “EF nbavengessr! «thers, Gam 
; so noe © Woes " *' vs OOD 
asaiey writ, AD MBS Vom I Laney. Wits e ica CS wees 00: 


- > 
poten a holineg suit Allee eon Som oigteneve jet destd -167%e. 


aT , v—e)-riv aa 4 Vs oa sis 78H oda 
ae edtnt ud ao pie oh xe8 dowd sadam A#D ane a’ 9 


igtiieet oJ ath x sy Bate dees Hoe Poel 19338 biowss 
' a 
i ga) « hwie ) ped. af 21h) a 2 ie mot? - inv 
' y - “= — 
' - } 7 . ~ 
- aft enna’ tan Y% fohke «ee hy os ie 2 273i world af at 
‘ : ; PY. bles 
7 ‘ ’ + S oa 7 erin . 4 2 4:0 
nage swell ae iv Gtsrtig be pinay oy # ah SOses - 
rf). zoe3 val aw! Ipts 4 % Pw LIat- movis ‘st : 
7 ; 7 7) 
ian | oa 
CHL wlthh>s vl sv eters +a ques 
A : 
ray 7 elit } iim aes uoitant Wu oo fel by fen hand SA ‘pel sé Rmle 
) 7 LS 
> 2 7 
a 
‘| Wer aarp a yon sores nas 


i] 


a 


7 


1 
‘of on iota ba74a3 IOs pwr ata., } 
’ 


» sbqeexe ths o id «mgs ¥) Stew Ape tes D6 ahs Ustanteornaa: id ee . 


Leh ame 
avy ais whet San ! , iets beteuado aa eancuee? aivseng = b 7s 


S33 ry agpieisto. > Se» iin) Napiaelted based neg om 
_ — 7 
Ser gS nce ‘ 


4x 


ait. 23 ald te ites Ae above 


ones saatnity bacaiee 


— 


82 


The integrated gastrin response (IGR) after each meal was 
calculated over the time period that the concentration approached its 
basal value by using the trapezoidal rule. The IGR was calculated over 
4 hour period after breakfast and after lunch, and over 7 hour period 
after supper as the gastrin response was more prolonged during this 
time. The 4 hour IGR were higher in C+A7, C+A4, and A7 as compared with 
placebo after breakfast and after lunch, although the difference failed 
to achieve significant level. Higher IGR over 7 hours after supper was 
observed in C+tA7, C+A4 and A7 groups than in placebo, but the difference 


was not significant. 


RELATIONSHIP BETWEEN Ht AND SERUM GASTRIN CONCENTRATION 


Marked fluctuations in the ratio of intragastric Ht to serum 
gastrin concentrations (Ht/G) were observed in the placebo group (Figure 
5). The H'/G was significantly lower in the three treatment groups (A/7, 
C+A7 and C+A4) as compared with the placebo group. Overnight, the value 
of pee was markedly higher in placebo and A7 than in CtA7 or C+A4 
(p<0O.05). After 00:30 hour, the nu /G rose dramatically in the patients 


given one dose of antacid alone before bedtime (A/). 


CIMETIDINE PHARMACOKINETICS 


The profiles of the mean plasma cimetidine concentration-time 
curves following the morning and evening doses of 600 mg cimetidine 
combined with antacid seven times a day (CtA7) or four times a day 


(C+A4) are shown in Figure 6. There were considerable interindividual 
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variations of pharmacokinetic data for cimetidine (Table 5). Following 
the morning dose of cimetidine in C+tA7, the peak plasma concentrations 
(Cmax) was attained within 3.0 hr of administration, with the mean time 
to peak (Tmax) of 1.8 + 0.2 hr. The Cmax following the morning dose of 
cimetidine in CtA/ was twice as high as the Cmax following the evening 
dose (p<0.05). Similarly, the cimetidine concentration at 2 hr (Co) 
following cimetidine administration was higher in the morning than in 
the evening. Although the Tmax values were generally longer following 
the evening than the morning dose of cimetidine in Ct+tA7, the difference 
failed to show statistical significance. Higher Cmax and Cy values 
following the morning than the evening doses were again observed in 
C+A4, and the Tmax values were longer following the evening than the 
morning dose. There was no difference of Cmax or Cy) between CtA7 and 
C+A4 for both the morning and evening periods. Our previous study 
showed similar diurnal variation of cimetidine concentration when 
cimetidine 600 mg bid was given by itself*. The Cmax and Tmax values 
after the morning and the evening doses in this present study were 
similar to those in patients treated with cimetidine alone’. The 
obseved AUC from time zero to infinity were numerically higher following 
the morning dose than the evening dose in both C+A7 and C+A4, although 
the difference was significant only in CtA4 (p<0.05). The AUC 0— were 
similar in C+A7 and C+A4, both following the morning and evening doses 
of cimetdine. These values were similar to those in our previous study 
where cimetidine was given alone“. Similar values of cimetidine 
concentration at 10 hr after administration (Cy) 9) following the morning 
and evening doses of cimetidine were obtained in both C+tA7 and C+A4. 


There was no difference of Cjy9 between CtA7 and C+tA4 during the morning 
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and evening periods. The 24 hr. area under the curve (AUC 0-24) were 
similar in the two treatment regimens. These values were not different 
than the AUCj_», observed when cimetidine was given as 600 mg bid in our 


previous study*. 


DISCUSSION 


A diurnal variation was noted in the intragastric Ht following 
meals (Figure 2). This appeared to be unrelated to the composition of 
the meal, since the calories and protein intake following breakfast was 
less than that taken at suppertime. In spite of this, the ae activity 
following supper is less than half of that observed following 
breakfast. It is uncertain whether this fluctuation in H* activity was 
due to a diurnal variation associated with feeding, or to some other 
factor. On examining the results of individual patients, the greater 
acid response following breakfast than supper was observed in 6 out of 
the 8 patients. The explanation for this diurnal variation has not been 
established in this study. This observation has at least two important 
implications. First, the effect of an antisecretory agent studied first 
thing in the morning is not necessarily of the same quantitative 
magnitude as the other time of the day.~ Secondly, a therapeutic regime 
must be selected to achieve greater acid inhibition in the morning 
rather than later in the day time. 

The widely-accepted dosing regime for antacids is to administer the 
medication 1 and 3 hours after meals and at night®. The present study 


confirmed the potent acid-neutralizing effect of giving Mylanta II 1 and 


3 hours after meals (Figure 2). The ut activity associated with giving 
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antacid 1 and 3 hours after breakfast was 35% of the placebo value, and 
giving the same amount of antacid after lunch and supper was also 
associated with lower H’ activities: H’ activity was 16% of the placebo 
value after lunch, and 41% of the placebo value after supper. Thus, 
both the qualitative and quantitative effects of antacids on the 
neutralization of gastric acid are influenced by the time of aa? While 
it is generally recommended to take antacid at night, nighttime antacid 
was associated with only a 33% reduction in are activity. Nonetheless, 
antacid taken at bedtime in the A7 group was associated with a fivefold 
increase in the percentage of readings at or above pH 4.0. during the 
night. Therefore, this study confirms the recommendation to use antacid 
following meals and at night. 


1 have previously shown that the combination 


Peterson and co-workers 
of cimetidine and antacid (with or without an anticholinergic) is 
superior to the standard dosage regimen of cimetidine (300 mg qid) 
during the daytime and over 24 hour period. We wished to determine 
whether the combination of antacid and cimetidine was also superior when 
cimetidine was given twice daily. In the C+A7 group, antacid was taken 
1 and 3 hours after meals, but cimetidine was added at breakfast as well 
as at bedtime. At breakfast, the mean ae activity was significantly 
lower with the combination of cimetidine plus antacid 1 and 3 hours 
after breakfast than with antacid or cimetidine alone. However, this 
beneficial effect was lost after supper, i.e. there was no difference 
between Ht activity at this time in A7, C+A/ or C+tA4 (Table 3). Thus 
the "added effect" of using cimetidine bid plus antacid was beneficial 


over antacid alone mainly following breakfast. This was surprising, 


since the effect of the cimetidine given with breakfast was expected to 
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have been lost by lunch, and most certainly by suppertime. However, 
since the H™ activity falls between breakfast and suppertime (Table 3), 
less antisecretory or neutralizing effect is required later in the 
daytime. 

One dose of antacid taken at bedtime (A7) was associated with a 
modest reduction in in activity but the value was not sient fi¢antly 
different than the placebo value (Table 3). The combination of 
nighttime antacid with cimetidine (C+tA7) was associated with a 
significantly lower au activity, 3.63 + 0.72 mmol/L, a value which 
represents only 23% of the placebo value of 15.83+41.03 mmol/L. Indeed, 
ah activity overnight was lower in the group given cimetidine with 
antacid, than in the group given antacid alone (Table 3). We have 
previously demonstrated lower intragastric Ht activity after breakfast 
and overnight when cimetidine is taken twice daily (600 mg bid) 
compared with cimetidine given four times a day (300 ng qid)?. In this 
study we have shown that the H* can be further reduced by the added 
ettore.ot taking mantacidt) (C+A/ )< Thus, it is recommended that when 
combination therapy is being considered, antacids should be taken 1 and 
3 hours following the breakfast dose of cimetidine, and with the evening 
dose of cimetidine. 

For the purpose of patient compliance, we examined the effect of 
two doses of antacid after lunch and supper when combined with 
cimetidine taken at breakfast and at bedtime. This regime (C+A4) was 
not as effective as giving antacid more frequently (CtA/7/): Ht was 
numerically higher after breakfast, after lunch, overnight and over the 
24 hour period in C+A4 compared with C+tA7 (Table 3). It is possible, 


however, that the combination of less frequent doses of antacid in 
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combination with cimetidine might have been more effective if antacid 
had been taken 1 and 3 hours after breakfast and at erates rather than 
1 and 3 hours after lunch and after supper. 

With the acid reduction achieved using cimetidine and/or antacid, 
the serum gastrin concentrations were greater in A7, C+A7, C+A4 groups 
than in the placebo group (Figure 4). Just as there eae diurnal 
variations in H* (Figure 1), so also were there differences in the IGR 
following each meal, with higher values following supper than following 
breakfast (Table 4). This resulted in a different ratio of H’ to 
gastrin concentration after each meal (Figure 5). This suggests that 
the sensitivity of the parietal cell and G-cell to food stimulation may 
vary throughout the day.e It is also possible that the sensitivity of 
the G-cell to feedback inhibition by acid varied throughout the day. 

Some previous studies have suggested that the co-administration of 
antacid interferes with the absorption of cimetidine’. However, the 
data to support this observation has been conflicting®. From our study, 
we failed to show a difference in pharmacokinetic parameters of 
cimetidine in C+A7 and C+A4 both following the morning and the evening 
doses of cimetidine. Antacid was given 1 and 3 hr after the morning 
cimetidine dose, and concurrently with cimetidine at night in CtA7. In 
C+A4, antacid was not given after the morning dose of cimetidine and was 
given 2 hr prior to the nighttime dose. A diurnal variation in 
cimetidine concentration was observed. In both groups lower AUC 0-~© was 
observed following the evening than the morning doses of cimetidine. 
This observation can not be explained by the co-administration of 
antacid with cimetidine at night in Ct+tA7, as a similar pattern was 


observed in CtA4 where the cimetidine was taken at night without 
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antacid. This observation of diurnal variation of cimetidine kinetics 
was similar to our previous study when cimetidine 600 mg was given twice 
a day”. 

The H' activities following breakfast were more suppressed in C+A/7 
than in C+A4 (Figure 2) in spite of the similar values of Cmax and AUC 
O-o, This suggests that antacid given 1 and 3 hr after cimetidine 
enhances the acid suppressing effect by maintaining acid neutralizing 
capacity without interfering with pharmacokinetic properties of 
cimetidine. Antacid given concurrently with cimetidine at night time, 
as in CtA7, provides an additional effect in suppressing intragastric ur 
overnight. | 

The combination of antacids 7 times daily with cimetidine twice 
daily (C+A7) was associated with the lowest Ht after breakfast, 
overnight and during the 24 hour period (Table 3). The highest 
percentage of pH readings above pH 4.0 were observed in this group 
during the daytime, overnight and over the 24 hour period (Figure 3). 
Unfortunately, all the subjects taking antacids seven times daily 
experienced troublesome loosening and increased frequency of their bowel 
motions. This diarrhea might discourage patient compliance if the 
antacid 7 times a day regime (A7) is recommended for a _ prolonged 
treatment period. Future study must now be performed to establish 
whether the use of less frequent or lower dosage of antacid might 


achieve this beneficial effect on acid suppression when cimetidine is 


combined with antacid. 
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TRIAL PROCEDURE 


PROCEDURE SAMP LING 


NG tube placed under fluoroscopy. 
0.9 saline I.V. infusion. 


Breakfast; cimetidine or placebo 


Antacid or identical placebo. 


Morning snack. 


Antacid or identical placebo. 


Lunch. 

Antacid or identical placebo. gastric pH 
measurement 

Afternoon snack. every 30 min 
from 08:30 

Antacid or identical placebo. tor 22:30 and 
serial blood 

Dinner. samplings 


Antacid or identical placebo. 


Antacid or identical placebo. 


Optional bedtime snack, gastric pH 

cimetidine plus antacid or identical placebo. measurement 
every 60 min 
fromecz:30 
to 08:30 and 

Last gastric sample taken, serial blood 


NG tube and IV infusion removed. samplings 


O2 


MEDICATION REGIMENS 


MEDICATION REGIMENS 


High-potency antacid (A7). 


Twice daily cimetidine plus 
frequent antacid (C + A7). 


Twice daily cimetidine plus 
lower dose antacid (C + A4). 


Placebo control (P). 


DOSAGE AND SCHEDULE 


Mylantay Ol, 300m |: 
given 1 and 3 hr 


after meals and at bedtime 
CLIRSOW Ne) G 


Cimetidine 600 mg bid 
(S2508ande22:308hnr) 

plus Mylanta II 30 ml 

given 1 and 3 hr after meals 
and at bedtime (22:30 hr). 


Cimetidine 600 mg bid 

(8 308and922230enn) 

plus Mylanta II 30 ml 

givens Band@sanreattecmluncn 
and supper. 


Identical cimetidine 

placebo given twice daily 
plus liquid placebo given l 
and 3 hr after meals and 
bedtime. 
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i Cimetiainte 


0) Zs 4 6 8 10 12 14 16 18 20 ae 24 
8:30 12230 ASO 22:30 8:30 
(Breakfast) (Lunch) (Supper) 


TIME AFTER FIRST DOSE OF MEDICATION (Hours) 


igure l. Mean intragastric pH over 24-hour period. Arrows indicate times 


at which medications are given. 
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OC Placebo 

15 Mylanta ll 7 per day (A?) 
@ Cimetidine bid plus A7 
© Cimetidine bid plus A, 
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Breakfast Lunch Supper Overmont 24-Hour 
(9:00- 12:00) (13:00-16:00)  (18:00-2 1:00) (22:30-8:30) 


Figure 2. Mean Hw activities after meals, overnight and over 24-hour 


period. Significant differences are indicated by *(p<0i05).. 


< ek ena 8 
oa.) or) : = 2 
wt ey Comes a & —_—— nal ' 


= 


b 


Figure 3. 


PERCENTAGE READINGS ABOVE EACH pH 
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Cumulative percentage of pH readins at or above each pd value 
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Mean serum gastrin concentration over 24-hour period (pg/ml). 
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Figure 5. 
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Ratio of intragastric ut and serum gastrin concentration (Ht/G) 
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MEAN CIMETIDINE CONCENTRATION (ug/ml) 


0) 2 4 6 8 10 12 14 16 18 20 ie 24 
8:30 12:30 17230 22:30 8:30 
(Breakfast) (Lunch) (Supper) 


TIME AFTER FIRST DOSE OF MEDICATION (Hours) 


Figure 6. Mean plasma cimetidine concentration over 24-hour period. 


5. COMPARISON OF CIMETIDINE AND RANITIDINE ‘ 
ON 24-HOUR INTRAGASTRIC ACIDITY AND SERUM GASTRIN PROFILE 


IN PATIENTS WITH ESOPHAGITIS 


[A modified version of this chapter has been submitted to Digestive 
Diseases and Sciences, 1984 (in press). V. Mahachai, K. Walker, A.B.R. 


Thomson. ] 
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SUMMARY 


Twenty-four hour intragastric pH and serum gastrin profiles were 
monitored in six male asymptomatic patients who previously were found to 
have esophagitis on endoscopy and biopsy. They received cimetidine 300 
mg qid (C), ranitidine 150 mg bid (R), or placebo (P) for one eee each, 
utilizing the Latin Square Design. The mean BAO was 0.4 + 0.2 mmol/hr, 
and the pentagastrin-stimulated MAO was 21.2 + 3.2 mmol/hr. In the P- 
treated patients, the pH fluctuated between 1.8 - 3.5 and over 90% of 
the readings were less than pH 4. As compared to P, both C and R 
significantly suppressed H’ after breakfast, overnight, and over the 24- 
hour period. The mean pH after lunch was significantly higher in R than 
in P, but not in C. Over the 24-hour period, a higher percentage of the 
readings were above pH 4.0 in R as compared to C. During the night 50% 
of the pH readings were above pH 4.0 in C and R, whereas in P 50% of the 
pH readings were less than pH 2.0. The integrated gastrin responses 
after each meal were similar in C and R and were greater than in P. The 
biphasic response of the ratio of H* and gastrin (u/c) following each 
meal was suppressed by both H»-receptor antagonists, with numerically 
lower values obtained in R than in C. This study suggests that 
ranitidine 150 mg bid is superior to cimetidine 300 mg qid in 


suppressing the 24-hour intragastric acidity. 
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INTRODUCTION 


The abnormalities of competency of the lower esophageal sphincter, 
the clearing capacity of the esophagus, and normal gastric emptying are 
considered to be important mechanical factors in the pathogenesis of 
gastroesophageal reflux disease. However, gastroesophageal relax has 
been shown LO we OCeCurT in healthy controls without producing 
esophagitis?. It has been shown that patients with reflux esophagitis 
have increased frequency and duration of reflux episodes as compared to 
healthy controls!. A recent study showed that the basal acid output 
(BAO) as well as both the basal and maximal secretory volume in response 
to pentagastrin were increased in patients with gastroesophageal reflux 
disease as compared with healthy controls*. While the gastrin response 
to food is apparently normal in gastroesophageal reflux disease, the 
basal gastrin concentration may be elevated?. 

Both ranitidine and cimetidine are effective in the reduction of 
gastric acidity but ranitidine may be more potent’. Accordingly, this 
study was undertaken to compare the effect of ranitidine and cimetidine 


on 24-hour intragastric pH and serum gastrin profile in six currently 


asymptomatic patients with previously documented esophagitis. 
METHODS 


This study was a double-blind repeated measures Latin Square design 
in which each subject received all possible treatments: ranitidine 150 
mg twice a day (8:30 and 17:30 hr), cimetidine 300 mg four times daily 
Mors l22509 17°30; Tand 22:30*hr), and matching placebowinta sequential 


random order. Each treatment was administered for one week with the 
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acid secretion studies and gastrin analyses carried out on the last day 
of the treatment week. Six patients with currently asymptomatic 
gastroesophageal reflux disease were studied. All of these patients had 
previously documented esophagitis on endoscopy and biopsy. They became 
asymptomatic after a 6-12 week course of ranitidine or antacids, and 
have since remained well with only mild and infrequent Seon of 
gastroesophageal reflux. None of the patients were receiving treatment 
for gastroesophageal reflux disease at the time of entry to the study. 
All patients were male with an average age of 52.8 yrs (range 32-66 
yrs). The patients were free of significant systemic disease, and had 
no previous gastric or esophageal surgery. Before entry into the study, 
all patients had a pentagastrin test (6yug/kg subcutaneously). The mean 
basal acid output (BAO) was 0.4 + 0.2 (mean + SEM) mEq/hr, with a range 
of 0 - 1.4 mEq/hr. In response to pentagastrin, the mean maximal acid 
output (MAO) was 21.2 + 3.2 mEq/hr, with a range of 9.2 - 30.8 mEq/hr. 
These values were considered to be normal, but two subjects had MAO of 
30.0 and 30.8 mEq/hr. The project was approved by the Ethics Committee 
of the Department of Medicine, University of Alberta, and informed 
consent was obtained from each patient. 

On the study day (day 7, 14 or 21), the patients were admitted to a 
specially gallocated shospital. ward) at» 7:00 Whres\ftoldiowing jam 12 9shour 
overnight fast. Water was taken ad libitum during the fast until the 
start of the gastric acid secretion study. A strict protocol was 
followed: a nasogastric tube was first positioned under fluoroscopic 
control so that the tip was in the most dependent part of the stomach. 
Immediately after fluoroscopy, an intravenous infusion of 0.9% saline 


was initiated at a rate sufficient to keep the vein open to allow free 
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access to sampling of venous blood. At 8:30 hr, patients received a 
standard meal (Table 1), and their first dose of drug or identical 
placebo. Additional doses of drug or placebo were given at 
predetermined times. 

Gastric acidity was monitored by a method similar to that described 
by Pounder et al: five ml samples of gastric contents were coeur 
every 30 minutes while the patient was awake, and at 60 minute intervals 
during the sleeping hours. If necessary, a 5 ml flush of 0.9% saline 
was used to obtain sufficient gastric fluid for pH measurement and to 
wash the syringe used to aspirate the gastric juice. _ The pH of the 
sample was measured to the nearest 0.10 unit using a combined glass and 
reference electrodes and pH meter (Canlab 130) which had been calibrated 
Withmestatdard. bubfersss (pH .w 2.0 and) 4.0) before each batch or 
measurements. The aspirate was then returned to the stomach contents to 
ensure complete absorption of medications. Blood samples were drawn 
every 30 minutes while the patient was awake and every two hours during 
the night. Blood samples were centrifuged and the serum was immediately 
separated and stored at -4°C for further determination of gastrin 
concentration. 

All subjective symptoms observed during the study period were 
recorded and vital signs were monitored. At the end of the 24-hour 
study periods, the intravenous line and nasogastric tube were removed, 
and patients were instructed on the medications to be taken over the 
following week. 

The standardized meals with identical composition of carbohydrate, 
fat, protein and volume were provided to the patients in hospital 


Similar to our previous study®. Regular snacks of known composition 
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were allowed between meals. Only decaffeinated coffee was permitted and 
cigarette consumption was discouraged, but if the patient smoked then 
the number of cigarettes was recorded. The subjects were ambulant and 
were encouraged to entertain themselves on the ward. The patients 
consumed an average of 1798 + 29 kcal/day (range 1662 - 2029 kcal/day), 
comprised an average of 218 gm carbohydrate, 82 gm protein and 65 em 
fat. The proportions of the total calories provided by carbohydrate, 
protein and fat were 49%, 18%, and 33% respectively. There was no 
difference in these proportions of food intake between the three trial 
periods. The average fluid intake per day was 2.43 L, and subjects 
smoked an average of 10 cigarettes per day. 

The intragastric hydrogen activities (Ht) were converted from the 
pH values using a standard table’. The values of Ht were compared over 
a 90 minute period after each meal, as well as overnight (22:30 - 8:30) 
and for the total 24 hour period. The pH profiles of all treatment 
groups were also compared by deriving the cumulative percentage of pH 
readings at or above each pH value ranging from 1.0 - 7.0. 

The serum gastrin concentration was determined by a 
radioimmunoassay method using a commercial kit (Schwarz-Mann). The 
antibody employed has similar affinities for G-34 and G-17 molecular 
forms. The integrated gastrin response after each meal was calculated 
by using the trapezoidal rule to obtain the area under’ the 
concentration-time curve (AUC) from time zero (i-e. time of a meal) toa 
certain time point after each meal where the gastrin concentration 
approached its basal value. The basal concentration, present at 
mealtime, was taken into account by calculating the AUC from this point 


to the same time point, and subtracting it from the overall AUC after 
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each meal. The ratios of H* and serum gastrin concentration over a 24 
hour period were compared between each treatment group, and the 


correlation of Ht and gastrin concentration were studied in all groups. 


STATISTICAL ANALYSIS 


The Student's t-distribution test was used for statistical analyses 
of the pH values and intragastric Ht in all treatment groups. The p 
values of < 0.05 were considered significant. The frequency 
distribution of the pH readings at or above 4.0 in each group was 
studied using chi-square analysis. A repeated measures analysis of 
variance and covariance test was applied to see if there was an overall 
difference of the changes on serum gastrin profile, area under the 
curve, and ratio of H* over gastrin between the treatment groups at each 
of the defined periods. A least square difference test was applied only 


if there was an overall significant difference. 


RESULTS 


A. Intragastric pH profile 


The 24-hour intragastric pH profiles of the six patients with 
gastroesophageal reflux disease are shown in Figure l. In patients 
treated with placebo, the pH ranged from 1.8 - 3.5. In contrast, in 
patients treated with an Hy-receptor antagonist, the intragastric pH 
values were higher. 


In the placebo groups, 50% of the pH readings were below a pH of 
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2.3 during the 24-hour period, during the daytime and during the 
nighttime (Figure 2). In patients given cimetidine 300 mg qid, 50% of 
the pH readings were above 3./ during the 24-hour period, during the 
daytime and overnight. Following ranitidine 150 mg bid, 50% of the 
readings were above 4.6 during each of these intervals. These 
differences between the placebo and the H)-receptor Aart groups 
were significant at each time period (p<0.05). Using human hemoglobin 
as a substrate, proteolytic activity of gastric juice is markedly 
decreased at pH 4.08. During the 24 hour period (Figure 2A), the 
percentage of readings at or above pH 4.0 was significantly higher in 
the ranitidine than in the placebo group (p < 0.05), or in the 
cimetidine than in the placebo groups (p<0.05, 60%, 40Z and 10% 
respectively). Similarly, a significantly greater percentage of the 
readings was at or above 4 in the ranitidine- and cimetidine-treated 
patients than in the placebo group when measured during the daytime 
(Figure 2B) or during the nighttime (Figure 2C). The percentage of pH 
readings above 4.0 was greater in the ranitidine than in the cimetidine 
group for the 24-hour period and during the daytime (p<0.05). 

With either cimetidine or ranitidine, the intragastric gee aC LL Vad 
at each time period was less than that observed in the placebo group 
(Figure 3). The difference in the mean ut activity in the placebo and 
in the cimetidine groups was statistically significant after breakfast, 
overnight, and for the 24-hour period (Table 2). The difference in the 
mean Ht activity in the placebo and in the ranitidine group was 
statistically significant after breakfast, after lunch, as well as 
overnight and over the 24-hour period. Although the difference in the 


ut activity in the cimetidine and in the ranitidine groups failed to 
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achieve statistical significance (p>0.05), the mean Ht activity after 
lunch was significantly lower than placebo in the ranitidine (p<0.025) 


but not in the cimetidine group (Table 2). 
Be Serum Gastrin Concentration 


After an overnight fast, the mean basal gastrin concentration 
(Figure 4) was similar in patients treated with placebo, ranitidine and 
cimetidine (46.2, 56.0 and 53.3 pg/ml). The serum gastrin concentration 
increased after each meal to reach a peak at about one hour. In the 
placebo group, the serum gastrin concentration reekened to the basal 
level within 4 hours after breakfast and after lunch, whereas the 
gastrin concentration remained at least 25% above the basal value after 
breakfast and after lunch in patients given cimetidine or ranitidine. 
After supper, a biphasic gastrin response was noted, with an initial 
peak at 1 hour and a later peak at 4 hours, shortly after the bedtime 
snacks This biphasic response was seen in the three treatment groups 
and it was not until 9 hours after supper that the plasma gastrin 
concentration returned to the basal level after supper in the cimetidine 
and ranitidine groups. In the placebo group, the serum gastrin 
concentration increased to approximately 112% of the basal value 
following each meal, whereas the postprandial gastrin concentration 
increased more rapidly and higher to approximately 167% of the basal 
value in the patients receiving one of the Hy-receptor antagonists. 
However, there was no significant difference in the overall increase of 
serum gastrin concentration after meals in all treatment groups. 


The integrated gastrin response (IGR) was calculated for a 2 hour 
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period following each meal. In the placebo group (Table 3), there was 
no statistically significant difference between the mean values of the 
IGR after breakfast (3040 + 679 pgm.min/ml), after lunch (5115 + 650 
pgmemin/ml), and after supper (3595 + 860 pgem-min/ml). Since the food- 
stimulated gastrin concentration had not returned to the basal value 
until 4 hr after breakfast and lunch, and until 9 hr after eupeen in the 
cimetidine and ranitidine groups (Figure 4), the IGR was also calculated 
for longer intervals (Table 3). The difference of 4 hr IGR following 
breakfast and lunch in the placebo group failed to show statistical 
significance. 

In the patients given cimetidine, the two hr IGR was higher after 
breakfast, lunch and supper as compared to the placebo group (Table 3), 
but this difference was not statistically significant. Similarly, the 
4 hr IGR after breakfast and lunch and the 7 hr IGR after supper were 
higher in the cimetidine than in the placebo group, but the significant 
difference between groups was obtained only with the 7 hr IGR after 
supper (p < 0.01). The IGR at the different time intervals was also 
higher in the ranitidine than in the placebo group, but there was no 
difference in the food-stimulated gastrin response in the cimetidine 


versus the ranitidine groups. 


C. Relationship between Ht and Gastrin Concentration 


In the placebo-treated patients, the ratio of Ht to serum gastrin 
concentration (H*/G) increased dramatically after each meal (Figure 
)).eine@contrast, vonly a modest change inthe ratio. of Ht/G was observed 


in the cimetidine-treated patients following meals. In the ranitidine- 
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treated patients, this ratio remained essentially constant over the 24 
hour period. The differences in the ratio Ht/G after each meal were 
significant between the placebo and cimetidine or ranitidine. 

In the placebo-treated patients, there was a weak negative 
correlation between serum gastrin concentration and H* (r=—0219); 
p<0.05). Such a relationship was observed neither in the cumecddine 


group (r=0.05) nor in the ranitidine group (r=0.13). 


DISCUSSION 


In placebo-treated patients with a past history of endoscopically 
and biopsy proven esophagitis, the intragastric pH ranged between 1.8 - 
3.5 (Figure 1) and over a 24-hour period, less than 10% of the pH 
readings were above 4.0 (Figure 2A). Therefore, the intragastric fluid 
which was available for regurgitation into the esophagus was highly 
acidic and potentially damaging to this organ. The administration of 
Ho-receptor antagonists was associated with a marked reduction in 
intragastric Ht after meals, overnight and over the 24-hour period 
(Figure 3). In addition, 50% of the intragastric pH readings were pH 
3.7 or greater in the cimetidine- and ranitidine-treated groups. This 
compared with pH 2.3 for the placebo-treated patients at all time 
periods (Figure 2). Also, a higher percentage of the readings at pH 4 
or above was obtained in the cimetidine- or ranitidine-treated patients 
as compared to placebo. Cimetidine and ranitidine have been shown to be 
Rp? »10, 


useful in the management of GE This study suggests that one 


likely mechanism of this beneficial effect of an Hy-veceptor antagonist 


is the pronounced reduction in intragastric Ht after meals and 


overnight. 
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Chemical and pharmacological differences exist between cimetidine 
and ranitidinel!, Previous workers have established that 150 mg of 
ranitidine given twice daily was more effective than 1000 mg daily of 
cimetidine in the reduction of mean 24 hour hydrogen ion activity and 
nocturnal acid output when tested in ten male patients with 
endoscopically proven chronic duodenal ulcers in remission‘. It should 
be noted that in this study using 300 mg ranitidine or 1200 ng 
cimetidine daily 1) intragastric Ht was Significantly suppressed after 
lunch in patients treated with ranitidine but not with cimetidine; 2) 
intragastric Ht was numerically less in the ranitidine- than in the 
cimetidine-treated patients after breakfast, after lunch, and over a 24- 
hour period; 3) comparing ranitidine with cimetidine, the intragastric 
pH observed in half of the readings during the daytime, overnight and 
during the 24-hour period were higher (Figure 2) and 4) the percentage 
of readings above pH 4 was greater during the daytime and during the 24- 
hour period in the ranitidine- versus the cimetidine-treated patients 
(p<0.05). Thus ranitidine would appear to be superior to cimetidine in 
the suppression of intragastric acidity when tested in patients with 


4 or esophagitis. 


chronic duodenal ulcer disease 

The serum gastrin concentration required up to 4 hr to return to 
basal levels after the first two meals of the day (Figure 4). in 
patients given placebo, the gastrin response to supper was unusual in 
two ways: a biphasic response was observed, and the gastrin returned to 
the basal concentration only after 7 hr. This study does not establish 
the basis for the difference of responses following the third meal of 
the day, but this biphasic response following supper was also observed 


in patients treated with cimetidine and with ranitidine. In these 


cimetidine- and ranitidine-treated patients, the gastrin concentrations 
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following supper remained above the basal level for an even more 
prolonged interval. As expected, food-stimulated gastrin concentration 
in the serum was higher in cimetidine- and ranitidine-treated patients 
(Figure 4). However, the correlation between H* and gastrin was weak in 
the placebo group (r=-0.19, p<0.05) and was non-significant in the 
cimetidine and in the ranitidine groups. If the reduction in H* was 
closely associated with changes in gastrin, then the ratio of Ht /gastrin 
would be unchanged between the placebo, cimetidine and ranitidine 
groups. This was not the case (Figure 5). This suggests that the Ho- 
receptor antagonist may have an effect on gastrin release which is not 
explained simply by the reduction in H’. From this data, however, we 
axe notes able “to =specitically “determine whether= the  Ho-receptor 
antagonists have an effect on the gastrin receptor, nor does our data 
allow comment on any possible effect of Hj-receptor antagonists on 
parietal cell sensitivity to food, or antral cell sensitivity to acid 
inhibition. However, in view of the previous observation of elevated 
fasting gastrin concentrations in some patients with GERD?, and the 
elevated postprandial integrated gastrin responses in the cimetidine- 
and the ranitidine-treated patients (Table 3), the longterm effect of 
the Hj-receptor antagonists on gastrin metabolism in GERD must be 


assessed. 
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Table 1: SAMPLE OF TYPICAL DAILY FOOD INTAKE 


Protein Fat CHO Fluid Energy 

Time Meal Ce (g) (g) Cec) (kcal) 
0830 Breakfast 17.0 MWeyee) 9 SIO 530 

- toast/ jam 

- cereal/milk 

—- scrambled egg 

Seat. ce 

- coffee/tea/water 

- cream/sugar 


1030 Morning Snack 1.5 3.0 20.0 380 
- cookies 
- coffee/tea/water 
- cream/sugar 


P2508 bunch 20.0 15.0 Soleo 380 
- tossed salad/dressing 
- roast beef 
- mashed potato/butter 
——Carrots 
- canned fruit 
- coffee/tea/water 
- cream/sugar 


1500 Afternoon Snack ILD) 6.0 ey ba) 380 
- cookies 
- coffee/tea/water 
- cream/sugar 


1730 Supper a@ 1720.47. 08 ee0 
—- soup 
- sandwich 
=e fresh@r ruie 
- coffee/tea/water 
- cream/sugar 


2030 Bedtime Snack Se) 8.0 16.0 380 
- cheese and crackers 
- coffee/tea/water 
- cream/sugar 


Total 82.0 65 218592430) 5 1735 
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o Placebo 
ACimetidine, 300mg aid 
e Ranitidine, 150mg bid 
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PERCENTAGE READINGS ABOVE EACH pH 


Figure 2. Cumulative percentage of the pH readings at pH values from 1.0 


to 7.0 in all treatment groups during the (A) 24-hr period, (B) 


daytime and (C) overnight. 
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Figure 4. Serum Gastrin Concentration over 24-Hour Period. The patients 


were given cimetidine or ranitidine at the times indicated by 


the arrows. 
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6. COMPARATIVE EFFECTS OF PIRENZEPINE AND CIMETIDINE, 
ALONE AND IN COMBINATION, 


ON 24-HOUR GASTRIC ACIDITY IN DUODENAL ULCER DISEASE 
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SUMMARY 


Both pirenzepine and cimetidine have been shown to be beneficial in 
the healing of duodenal ulcers (DU). The aim of this study was to 
determine the effects of pirenzepine 50 mg bid (PRZ), cimetidine 600 ng 
bid@e(G), Mieither™ alonesseorgain = combination, on ©249*hour# intragastric 
acidity, nocturnal gastric secretory volume and acid output, and serum 
gastrin profile in DU. Eight asymptomatic patients with healed DU 
received placebo, PRZ, C, or C+PRZ for one week each in a sequential 
order. All measurements were carried out over 24 hour period on the 
last day of each treatment week. As compared with P, C was associated 
with lower hydrogen ion activities (HT) following breakfast, during the 
night and over the 24 hour period. PRZ by itself failed to suppress nie | 
but the combination of C+PRZ resulted in a more prolonged acid 
suppression with lower Ht after lunch when compared to C alone. The 
effect of cimetidine on the suppression of nocturnal acid secretory 
volume and acid output could be further enhanced by addition of PRZ. 
The fasting serum gastrin concentrations were similar in all treatment 
groups excluding one patient with antral G cell hyperplasia; the 
postprandial gastrin responses were similarly higher in C and C+PRZ than 
in P. This study suggests that there is an added benefit of combination 
therapy of cimetidine and pirenzepine which may be useful in patients 


who fail to respond to single agent therapy. 
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INTRODUCTION 


Pirenzepine is a selective antimuscarinic agent of high affinity to 
the gastric mucosa which decreases basal and stimulated gastic acid 
secretion while producing much less anticholinergic side effects as 


Lyon 


compared with conventional anticholinergics Gastric acid secretion 


in response to peptone and sham feeding was found to be inhibited by 


354° 


this agent Pirenzepine decreases pentagastrin-stimulated acid 


output by reducing the volume of acid, rather than by affecting the 


1p 


gastric acidity The beneficial effect of this agent in treating 


active duodenal ulcer has been suggested by previous studies®>’. A 
synergistic interaction has been demonstrated between pirenzepine and an 
Ho receptor antagonist©??. The combination certainly provides a 
potentiatly| benefacialsgeffect jin, the) treatments) of" peptic, ulcer 
disease. The present study was undertaken to establish the 
pharmacological effect of pirenzepine 50 mg bid and cimetidine 600 ng 
bid, either alone or in combination, on 24-hour intragastric pH, 


nocturnal acid secretory output and serum gastrin concentration in 


patients with chronic duodenal ulcer disease. 
METHODOLOGY 


The method has previously been published!®, Briefly, a double- 
blind, repeated measures, Latin square design was used in which each 
subject received all possible treatment in a sequential random order. 
Each treatment was administered for one week with acid secretion study, 


and gastrin analyses being carried out on the last day of each of the 
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treatment week. The medication regimens consisted of four groups: 
pirenzepine 50 mg bid, cimetidine 600 mg bid, combination of pirenzepine 
and cimetidine given twice a day, and a placebo control group. This 
study was approved by the Ethics Committee of the Department of Medicine 
at the University of Alberta and informed consent was obtained from each 
patient. 

A total of eight patients with duodenal ulcer previously documented 
by endoscopy or barium meal x-ray were studied. The patients were 
asymptomatic at the time of study and were not receiving any active 
treatment for duodenal ulcer disease. There were 5 males and 3 females 
with the mean age of 43.3 years (range 29-63 years). The mean duration 
of their disease was 4.9 years. All of them were free of significant 
systemic disease and they had no past history of gastric surgery or 
vagotomy. Physical examination, routine laboratory tests (CBC, 
biochemical profiles, urinalysis) chest x-ray, and ECG of each patient 
were normal. 

The mean basal acid output (BAO) was 1.9 + 0.6 mmol/hr (range 1.3 - 
3.0 mmol/hr). In response to pentagastrin (0.6 mcg/kg) given 
subcutaneously, the mean maximal acid output was 35.4 + 15.8 mmol/hr 
(range 14.0 - 68.0 mmol/hr); only three out of eight patients had MAO 
higher than 35 mmol/hr. 

On the study day (day 7, 14, 21 and 28), each patient was admitted 
to a specially allocated hospital ward at 07:00 hr following a 12 hour 
overnight fast. A strict protocol was then followed (Table 1): a 
nasogastric tube (size 14-16 Fr.) was positioned under fluoroscopy so 
that the tip was in the most dependent part of the stomach. An 


intravenous infusion of 0.9% saline was initiated at a rate sufficient 
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to keep the vein open. This allowed free sampling of venous blood for 
determinations of serum gastrin concentration, and plasma levels of 
cimetidine and pirenzepine. The results of the plasma drug levels will 
be presented elsewhere. The patients were provided with standardized 
meals and regular snacks, similar to our previous study!®, The first 
dose of drugs or placebo was given at 08:00 hr, 30 be mares before 
breakfast. The subsequent dose of drugs or placebo was administered at 
21.00 hr, 30 minutes before bedtime snack. 

Gastric acidity was monitored by a method similar to that described 
by Pounder et allt, The sampling of gastric juice was obtained every 30 
minutes while the patient was awake and every 60 minutes while the 
patient was asleep. The pH of the gastric aspirates was measured to the 
nearest 0.10 unit using a combined glass and reference electrodes and pH 
meter. The pH electrode was calibrated with standard buffers of pH 2.0 
and 4.0 before each batch of measurements and at the end of the 24 hour 
sampling period. 

Between 24:00 hr and 08:00 hr, gastric juice was aspirated 
continuously by Gomco suction at -50 mmHg, supplemented by manual 
aspiration applied every 20 minutes with the patients in the supine 
position. The pH and volume of the nocturnal hourly fractions of 
gastric aspirates were measured immediatly and the samples were then 
stored at -4°C. Within 24 hr, the total acidity (am concentration) of 
each sample was determined by automatic titration to pH 7.0 using NaOH 
(100 mmol/1). Acid output was calculated from the product of the volume 
times the acid concentration. At the time of gastric pH measurement, a 
5 ml venous sample was drawn, centrifuged and separated, then stored at 


-4°C for determination of serum gastrin concentration by radioimmuno- 
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assay using Schwarz-Mann commercial kit. The antibodies employed have 
affinities for both G-34 and G-l7. 

All subjective symptoms and vital signs were recorded during the 
trial period. Biochemical and hematological profiles were monitored 
during the study period. Only one patient consistently experienced a 
minimal degree of blurred vision during both weeks when maeeneeee was 
given either alone or in combination with cimetidine. Dry mouth was 
observed in two subjects, but only during one out of the two weeks that 
they were on pirenzepine. 

The data of one patient was excluded from analysis. This patient 
had a high basal gastrin concentration and markedly increased gastrin 
concentration after meals, with an average peak of 1040 pgm/ml. In this 
patient, the gastrin concentration did not increase with secretin 
stimulation. The BAO and PAO of this patient were 0.9 and 14.0 mmol/hr, 
respectively. Immunocytochemical staining on antral or duodenal 
biopsies was not obtained, but it was presumed that this patient had 


antral G-cell hyperplasia. 
STATISTICAL ANALYSIS 


Descriptive statistics and differences among treatment groups and 
times were analyzed. An analysis of variance, with repeated measures on 
both drug and time was the major analytical procedure. The difference 
among treatment groups were tested by paired t-tests or non-parametric 
statistics, when necessary. The p value less than 0.05 was considered 


to be statistically significant. 
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RESULTS 
Intragastric pH Profiles and Hydrogen Ion Activities 


The 24-hour intragastric pH values of all treatment re are 
shown in Figure 1. In placebo treated patients, the pH range between 
1.5 - 3.3 over the 24-hour period, with fluctuations occurring after 
meals and during the night. In patients treated with pirenzepine 50 mg 
bid, the intragastric pH profile was similar to that observed in 
patients treated with placebo. Cimetidine given 600 mg bid resulted in 
higher intragastric pH values following breakfast and during the night, 
as compared to placebo. When combining pirenzepine with cimetidine, the 
higher pH values were again observed after breakfast and during the 
night as compared to placebo. 

There were significant differences of the mean pH values over the 
24-hour period among all treatment groups (p<0.05). Cimetidine, either 
alone or in combination with pirenzepine, resulted in higher mean pH 
values over the 24-hour period as compared to pirenzepine alone or 
placebo (p<0.05). Although the mean 24 hour pH value was numerically 
higher in the combination-treated group than in the cimetidine-treated 
group, (3.39 + 1.00 versus 3.14 + 0.89), the difference failed to reach 
statistical significance (p>0.05). Neither were the differences of the 
pH values between the pirenzepine-treated group and the placebo-treated 
group significant. 

The mean values for the intragastric hydrogen ion activities were 


calculated over the time period after each meal, during the night and 
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over the 24 hour period (Figure 2). When compared to placebo, 
pirenzepine by itself did not produce suppression of intragastric Ht at 
any time period. Cimetidine significantly suppressed intragastric Ht 
after breakfast, during the night, and over the 24-hour period 
(p<0.05). When combining pirenzepine to cimetidine, significant He 
suppression was obtained following breakfast, lunch, overnight, Mia over 
the 24-hour period (p<0.05). The mean H’ activities after breakfast and 
lunch were numerically lower in the combination group than in the 
cimetidine group but only the difference after lunch was significant 
(p<0.05). 


As peptic activity is markedly decreased at pH 4.012 


» the relative 
frequency of pH readings 2? 4.0 were compared. The cumulative 
percentages of pH readings at or above each pH from 1.0-7.0 for all 
treatment groups are shown in Figure 3. During the daytime, higher 
percentages of the pH readings >4.0 were obtained in the cimetidine and 
in the combination-treated groups (18%), as compared to the placebo- 
treated group (5%). There was no difference in the percentages of the 
pH readings at or above 4.0 between the pirenzepine and placebo groups 
(Figure 3a). During the night, the combination regimen resulted in a 
higher percentage of the pH readings 24.0 as compared to the cimetidine 
group, which in turn yielded a higher percentage of pH readings 24.0 as 
compared to the pirenzepine or the placebo group (Figure 3b). However, 
the difference between the values in the combination- and cimetidine- 
treated groups was not significant. During the 24-hour period, higher 
percentages of pH 24.0 were observed in the cimetidine-treated group and 


in the cimetidine plus pirenzepine-treated group as compared to the 


placebo- or the pirenzepine-treated group (Figure 3c). 
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Nocturnal Acid Secretion 


Cimetidine resulted in a numerical reduction of the nocturnal 
secretory volume and acid concentration from 01:00 to. 05:00 hr, .as 
compared to placebo, although the differences failed to reach 
significant levels (Figure 4,5). However, acid output was Slente teenie 
suppressed by cimetidine during this time period (p<0.05, Figure 6). 
Pirenzepine by itself did not have any effect on nocturnal gastric 
volume, acid concentration, or acid output. However, when pirenzepine 
was combined with cimetidine, a significant suppression of nocturnal 
volume (p<0.05) and of nocturnal acid concentration and acid output 
(p<0.01) were obtained (Figures 4,5,6). 

During the last hour of sleep (05:00 - 08:00 hr), the total acid 
output at each hourly interval was numerically lower in the combination 
treated group than in the cimetidine-treated group but the difference 
was not significant. The mean hourly volume, acid concentration and 
acid output overnight were suppressed by combination therapy (Figure 
7). The overnight acid concentration and acid output were significantly 
lower in the cimetidine group than the values in the placebo group. The 
difference in the overnight acid volume between the cimetidine and 


placebo groups was not significant (Figure 7). 


Serum Gastrin Concentration 


In the placebo-treated patients, the serum gastrin concentration 


rose approximately 192% after each meal. The peak gastrin concentration 
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occurred about 1 hour after each meal (Figure 8). The sustained 
increase in serum gastrin concentration was obtained only after 
suppertime, with a second peak of serum gastrin concentration occurring 
after the nighttime snack. This gastrin response after supper was more 
prolonged than after the first two meals of the day i.e. it took 
approximately 7 hours to return to the basal value. 

Serum gastrin profiles were similar in the pirenzepine and placebo- 
treated groups. A higher peak serum gastrin concentration and higher 
gastrin response were obtained after each meal in the cimetidine- and in 
the combination-treated groups, as compared to the placebo group. Only 
the differences after breakfast were significant (p<0.05). 

One patient was suspected of having antral-G cell hyperplasia, i.e. 
a high fees gastrin concentration with a markedly increased serum 
gastrin response’ after each meal. The fasting serum gastrin 
concentration failed to increase with secretin stimulation. The gastrin 
concentration profiles were similar after all treatment regimens and 
placebo in this patient with suspected antral G-cell hyperplasia. 

When the values of the gastrin concentrations of this patient were 
excluded from the analysis, higher gastrin responses were again obtained 
after each meal in the cimetidine and combination treated groups as 
compared to the placebo group. In these two treatment groups, the 
gastrin concentration did not return to its basal values between the 
meals, and longer time was required for the gastrin concentrations to 
reach their basal values after suppertime. 

The ratio of Ht activities over serum gastrin concentration (H™:¢) 
was plotted over 24 hour period for all treatment groups. These values 


fluctuated markedly after each meal in the placebo-treated group (Figure 
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opie The ratio was suppressed throughout the 24-hour period in the 
cimetidine-treated group and the combination-treated group. The 
difference of H':G values between the pirenzepine-treated group was not 


significantly different than the placebo-treated group. 


DISCUSSION 


The usefulness of conventional anticholinergic agents in the 
treatment of peptic ulcer disease has been limited by the undesirable 
side effects such as dry mouth, blurred vision, tachycardia, and atony 
of urinary bladder and gastrointestinal tract. Gastric acid secretion 
in response to food is inhibited only by a maximum of 354 with a maximum 
tolerated dose of a conventional anticholinergic}. Pirenzepine is a 
selective antimuscarinic agent which distinguishes between different 
Subclasses of muscarinic receptors?4, which has been proven to be 
beneficial in the treatment of peptic ulcer diseasel?, Although other 
antimuscarinic agents may have higher affinity for binding to parietal 
cell receptors than pirenzepine, they are not as_ selective as 
pirenzepine!l6, In the present study, pirenzepine 50 mg bid by itself 
did not have any effect on intragastric pH values over the 24-hour 
period (Figure 1). When acid secretion was measured overnight, 
pirenzepine failed to suppress the nocturnal acid volume, acid 
concentration or total acid output (Figures 4,5,6), whereas cimetidine 
did reduce intragastric Ha activities, nocturnal acid secretory volume 
and total acid output. The effect of cimetidine 600mg bid was observed 


only after breakfast and during the night. When pirenzepine was 


combined with cimetidine, the acid inhibitory effect was observed for a 
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more prolonged period, as Ht activities were suppressed after lunch, in 
addition to being suppressed after breakfast and during the night. 
Nocturnal acid volume, acid concentration and acid output were 
suppressed by both cimetidine and by the combination of cimetidine and 
pirenzepine. Furthermore, the effect of combination therapy persisted 
for a longer period than cimetidine alone. 

None of the treatment regimens had an effect on pH values after 
suppertime. This lack of suppertime effect of cimetidine on 
intragastric pH was similar to our previous observations where 
cimetidine was given either as 300 mg qid or as 600 ng pial, The 
explanation for this confirmed observation is unclear. Intragastric Ht 
activities tend to be lower after suppertime, with the higher values 
after breakfast and during the night. This diurnal variation of Ht 
activities may be related to the buffering capacities of different meals 
of the day and the absence of food during the night. The gastrin 
response to meal is prolonged and sustained after suppertime, which 
again may be related to the size of the meal ingested at that time. 
This prolonged gastrin response after supper may provide the sustained 
stimulation of gastric acidity which makes it resistant to suppression 
by any of the treatment regimens employed in this study. 

The effects of antimuscarinic agents on gastrin release in response 
to sham feeding and to meals have been reported. Vagal-mediated gastrin 
release may be enhanced by antimuscarinic agents like atropine, 
Suggesting that this cholinergic input is predominantly inhibitory!’, 
However, food-stimulated gastrin release is either unchanged or is 
inhibited by anticholinergic agents18, Pirenzepine does not affect 
Wy) 


vagal-mediated gastrin release and it may decrease food-stimulated 
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gastrin release when the pirenzepine is given in a high dose29, 

In this study, pirenzepine 50 mg given twice daily failed to affect 
the serum gastrin concentration in response to meals. Ltd s gnot 
surprising that the gastrin responses to food were greatly enhanced by 
cimetidine, as gastrin release is partially under negative feedback 


21, However, the gastrin concentration is not 


control of gastric acidity 
closely related to Ht activities: the ratio of Ht activities to gastrin 
concentrations (Ht:G) markedly fluctuated in the placebo group and was 
suppressed in the cimetidine-treated group (Figure 9). This suggests 
that gastric acidity is under the influence of other factors beside 
gastrin, that the gastrin concentration is influenced by factors other 
than or in addition to intragastric pH, and that the sensitivity of acid 
stimulation by gastrin is suppressed by cimetidine. When combination of 
pirenzepine 50 mg bid and cimetidine 600 mg bid was used, the gastrin 
response to meals was also enhanced. Thus, there appears to be no 
further interaction between the cholinergic and the Hy -receptors on 
mediating the ratio of HT :G. 

Although previous studies have shown that pirenzepine decreased 
acid secretory response to pentagastrin by decreasing volume rather than 
acid concentration!>°, nocturnal acid secretion in terms of volume, 
concentration and total acid output were not altered by pirenzepine in 
this study. The reasons for this lack of effect in this study are 
unclear. The volume measurement during the 24 hour period is not 
possible with this technique which measures pharmacological effect of 
treatment regimens on gastric acidity under physiologic conditions in 
responses to meals without manipulating the normal gastric physiology on 


the control of acid secretion. Gastric contents were aspirated for 
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volume measurement and extragastric titration performed during the sleep 
hours when the acid secretion is free of stimulation from food. 
Potentiation of various secretagogues has been demonstrated with 
parietal cells in vitro22, Pirenzepine potentiates the antisecretory 
effect of cimetidine when the combination therapy is used. lties 
unlikely that this antimuscarinic agent provides fucenen acid 
suppression by inhibiting vagal-mediated acid secretion or inhibiting 
gastrin release as pirenzepine by itself failed to suppress nocturnal 
gastric acid volume, acid concentration and total acid output. 
Furthermore, serum gastrin concentration was not altered by pirenzepine 
alone. It is possible that pirenzepine may prolong the effect of 
cimetidine by altering cimetidine bioavailabilities through its effect 
on gastric emptying. Pirenzepine has been shown to have higher affinity 
to gastric mucosa than to smooth muscle!® thus gastric emptying would be 
affected to a lesser extent by this agent. The greater and more 
prolonged acid inhibition with combination of cimetidine and pirenzepine 
was not due to changes in the pharmacokinetics of cimetidine 
(unpublished observations). Both agents may act synergistically on 
receptor sites on parietal cells to inhibit gastric acid. This greater 
acid inhibition with combination of pirenzepine and an Hg7~receptor has 
been shown to be useful in the treatment of gastric hypersecretory 
states§, and may prove to be of benefit in the treatment of patients 
with duodenal ulcer disease, particularly in those patients in whom acid 
secretion is inadequately suppressed by a single agent, or in whom 


ulcers or ulcer symptoms fail to improve on single-agent therapy. 
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Table 1: TRIAL PROCEDURE 


SAMPLING 


TIME PROCEDURE 


07:00 admitted to metabolic ward, NG tube 
under fluoroscopy, IV infusion 
08:00 medication administered 
08:30 breakfast 
10:30 morning snack gastric pH measurement 


every 30 min from 08:00- 


230 lunch 24:00. Serial blood 
14:30 afternoon snack sampling for gastrin 
NICE SYG, supper concentration every 30 
Zo. 00 medication administered min after each meal. 


22230 bedtime snack 


24:00 NG to Gomco sunction, supplemented gastric pH, acid volume, 
by manual aspiration every 20 min. concentration, output at 
08:00 last samplings of gastric content hourly intervals from 


and blood, NG and IV removed 24° 008—205 200. 
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Figure 1. Mean intragastric pH values over the 24-hour period. 
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Figure 3. Cumulative percentages of pH readings at or above each pH 
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Figure 4. Mean nocturnal acid secretory volume at hourly intervals from 
24:00 to 08:00 hr, mean + SEM (ml). 
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Mean nocturnal acid concentration at hourly intervals from 
24:00 - 08:00 hr, Mean + SEM (mmol/L). 
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Figure 6. Mean nocturnal acid secretory output at hourly intervals 


from 24:00 to 08:00 hr, Mean + SEM (mmol). 
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7.  ENPROSTIL, A DEHYDRO-PROSTAGLANDIN Eo» 
HAS POTENT ANTISECRETORY AND ANTIGASTRIN PROPERTIES 


IN PATIENTS WITH DUODENAL ULCER DISEASE 
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SUMMARY 

This study was designed to compare the effects of Enprostil (E), a 
synthetic dehydro-prostaglandin E5, on 24-hour intragastric pH and serum 
gastrin profile in patients with duodenal ulcer (DU) disease. The 
dosing regimen included E 35 mcg hs, E 70 mcg hs and E 35 meg bid, 
compared with cimetidine 600 mg bid (C), and placebo (P). Ten Siseaes 
with inactive DU were randomly assigned to all five treatment regimens 
for one week each according to a Latin Square Design. There was a one 
week washout period between each treatment. Intragastric pH and serum 
gastrin measurements were carried out on the last day of each treatment 
week. In P, intragastric pH rose after each meal and fluctuated between 
1.5-3.5. E 35 mcg bid and C elevated pH after breakfast and during the 
night (p<0.05). The single nighttime dose of E had a marked effect on 
pH only when given in the dose of 70 mcg and this effect lasted over 
13.5 hours. The pH values during the night were similar in the groups 
treated with E 35 mcg bid and E 70 mcg hs. During the daytime, the 
readings at or above pH 4 were P 54, C 21%, E 35 mcg bid 34%. During 
the nighttime, the readings 24 were P 12%, C 29%, E 35 mcg bid 39%, E 35 
meg hs 19% and E 70 mcg hs 38%. The postprandial rise in serum gastrin 
was greatly enhanced by C, but the change after breakfast was 
dramatically blunted by E 35 mcg bid. The gastrin concentration was 
increased in C during the night but there was no difference in gastrin 
concentration overnight between all regimens of E and P. This study 
suggests’ that 1) E35 még bid “is *’as\ ‘effective “as™C'600 me bid™in 
suppressing postprandial and nocturnal intragastric acidity; 2) E 35 mcg 
bid and 70 mcg at night are similarly potent in suppressing nocturnal 
acidity; 3) in’ addition to its cytoprotective effect, Enprostil™ has 


potent antisecretory and antigastrin properties. 
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INTRODUCTION 


Prostaglandin methyl analogues given orally inhibit gastric acid 
secretion in response to food and various secretagogues in animals and 


honane> 


in a dose-dependent manner. The mechanism of acid inhibition 
is unknown. Recent studies suggested that the serum gastrin response to 
a meal may be inhibited by low doses of methyl PG Ey given orally or 


intravenously?>. 


However, serum gastrin was shown to be increased by 
an antisecretory dose of prostacyclin’. 

Several clinical trials have suggested the beneficial effect of 
prostaglandin methyl analogues on the healing of duodenal uleer??®. 
This ulcer healing property of these prostaglandins may be related in 
part to their acid inhibiting effect’. Intragastric pH monitoring has 
been a useful technique to assess the effect of potential antisecretory 
8.9 

’ 


agents and to modify the dosage regimen in patients with duodenal 


ulcer or with acid hypersecretion to achieve an optimum therapeutic 
effect ?, Our previous study showed that cimetidine 600 mg bid is 
superior to cimetidine 300 mg qid in suppressing intragastric acidity in 
Patients with inactive duodenal ulcer!t, Both regimens of cimetidine 
exaggerated the gastrin responses after meals but had no effect on the 
basal gastrin concentration. The present study was designed to compare 
the effects of three dosage regimens of Enprostil (Syntex, RS-84135-00- 
00-3), a synthetic dehydro-prostaglandin Ej, and cimetidine on 24-hour 


intragastric pH and serum gastrin profile in patients with inactive 


duodenal ulcer disease. 
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MATERIALS AND METHODS 
1. Patient Population 


The study population consisted of five male and five female 
subjects with a past history of duodenal ulcer, previously aectneered on 
endoscopy. The patients were currently asymptomatic and were not 
receiving other antisecretory agents at the time of the study. All 
patients were free of active systemic disease and had no past history of 
vagotomy or gastric surgery. Their average age was 42.4 + 4.4 years 
(range 25 — 64 years). None of the patients were smokers. Before entry 
into the study, all patients had a pentagastrin test (6.0 mcg/kg, 
subcutaneously). The mean (+SE) basal acid output (BAO) was 7.4 + 4.7 
mEq/hr. In response to pentagastrin, the mean maximal acid output (MAO) 
wasutsf.4 ots 72k © mEg/hr,* with theevalues” over) 35) mEq/hr!) dnjethree 
Subjects. 

The study was approved by the Ethics Committee of the Department of 
Medicine, University of Alberta, and informed consent was obtained for 


each patient prior to the study. 
2. Study Design 


A Latin Square design was used in which each patient received all 
possible treatment regimens consisting of Enprostil 35 mcg h.s., 70 meg 
h.es., 35 mcg bid, cimetidine 600 mg bid, and placebo, in a randomized 
sequential order. Each treatment regimen was administered for one week 


each and each patient was hospitalized for intragastric pH and serum 
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gastrin analyses over 24-hour period on the last day of each treatment 
week. There was a one week washout period between each treatment week, 


during which time the patients were on no medication. 


bem irialserocedure 


Each patient was admitted to a special allocated clinical 
investigation unit on the night prior to the study day. This ensured 
that the nighttime dose of medication was administered before the 
conduct of the pH monitoring. All subjects followed the protocol as 
outlined in Table l. They were fasted overnight after 24:00 hr and 
water was permitted ad libitum. At 07:00, a nasogastric tube was 
positioned under fluoroscopic control, so that the tip was in the most 
dependent part of the stomach. Intravenous infusion of a 0.9% saline 
solution was initiated at a rate sufficient to keep the vein open to 
allow free access for sampling of venous blood. The first dose of drug 
or placebo was given at 08:00 hr, and the nighttime dose was 
administered at 20:00 hr. All vital signs and subjective symptoms were 
monitored during the study period. The patients were ambulant and were 
encouraged to entertain themselves on the ward. 

The patients were non-smokers and thus did not smoke during the 
study period. The subjects were provided with a choice of meals similar 
to our previous study!!. The patients consumed an average of 1556 + 44 
keal/day (range 1305 - 1780 kcal/day), comprising an average of 1/73 gm 
of carbohydrate, 70 gm of protein, and 65 gm of fat. The approximate 
calories provided by carbohydrate, protein and fat were 48%, 17%, and 


35%, respectively. For each patient, there was no difference in food 
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intake during each of the five study periods. The average daily fluid 


intake was 2.5 L. 


4. Intragastric pH Monitoring 


The method used for intragastric pH monitoring has been 
published!+. Gastric acidity was monitored over the 24-hour period: 5 
ml samples of gastric juice were aspirated every 30 minutes while the 
patient was awake, and at 60 minute intervals after midnight. A 5 ml 
flush of 0.9% saline solution was used, if necessary, to obtain 
sufficient gastric juice for pH measurement, and to wash the syringe 
used to aspirate the gastric content. The pH of each sample was 
measured to the nearest 0.10 unit using a combined glass and reference 
electrode and pH meter which had been calibrated with standard buffers 
(pH 2.0, 4.0 and 7.0) before each batch of measurements. The aspirate 
was then returned to the stomach to assure complete availability of 
medication. 

The effects of all treatment regimens on intragastric pH values 
during the day, overnight and over the 24-hour period were evaluated. 


912 


As peptic activity is markedly diminished at pH 4. » cumulative 


percentages of readings at or above this pH were compared between each 
: + 
treatment group. Each pH measurement was converted to hydrogen ion (H ) 


activity using the standard table for analysis!>. 
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Deu oerum Gastrin Profile 


Serial blood samples were drawn through the intravenous line, then 
were centrifuged, and the serum was immediately separated and stored at 
-4° C for determination of serum gastrin concentration. Serum gastrin 
concentration (ng/L) was measured by radioimmunoassay method Ret a 
commercial kit (Schwarz-Mann) which measures both G-34 and G-17. The 
integrated gastrin reaponse (IGR) after each meal was calculated by 
obtaining the area under the curve (AUC) from each meal time, to the 
time that serum gastrin concentration approached its basal value. The 
basal concentration present at mealtime was taken into account by 
calculating the AUC over the same time period from this basal value and 
subtracting the basal values from the overall AUC after each meal. The 
relationship of HY and serum gastrin concentrtion was studied in all 


treatment groups. 
6. Statistical Analysis 


P-values for treatment effects were calculated from the rank, 
transformed data. Sex, subject and order of treatment administration 
were taken into account for data analyses. The P-value less than 0.05 


was considered to be statistically significant. 
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RESULTS 
1. Intragastric pH Profile 


The mean pH values for all treatment regimens are shown for the 
daytime hours (Figure 1) and for the nighttime hours (Figure 2). During 
the daytime hours (08:00 - 20:00), the pH values rose transiently after 
each meal in the placebo-treated patients, with the mean pH values 
ranged between 1.5-3.2. In the cimetidine and Enprostil treatment 
groups, the pH values ranged between 1.8-4.5. The mean pH values during 
the daytime were similar in the Enprostil 35 mcg hs and in the placebo 
group. The mean pH values for the Enprostil 70 mcg hs _ were 
significiantly above the mean values for the placebo group between 08:00 
- 09:30; none of the other daytime values were different from the 
placebo group. In contrast, in the Enprostil 35 mcg bid group, there 
were marked differences in the mean pH values as compared with the 
placebo group (Figure 1). These differences were most pronounced after 
breakfast, plus some values were significantly above the mean values of 
the placebo group after lunch time. Similarly, the mean pH values in 
the cimetidine 600 mg bid group were higher than the mean values in the 
placebo group after breakfast, and at various intervals after lunch. 

During the nighttime hours (20:00-08:00), the pH values in the 
placebo-treated group fluctuated between 1.8-3.3 (Figure 2). When 
Enprostil was given as 35 mcg hs, the mean values for the pH during the 
nighttime hours were significantly higher than placebo values only 
between 3.5-6.0 hours after dosing. Following the evening dose of 35 


mcg Enprostil to the patients receiving the twice daily dosage regimen, 


= : 7 - 7 ia : 7 _ =  * 
aa PTY ice « =] 7 
- : — 
a) ’ : : - a 
7 7 a awe: 
~e : - 
: ; —_ 
7 . 7 oe 7 
- - ; ett vd ee sO es 
“Bi 7 7 
Y i ors a Ot 


et? 96) swells oe cateeehgey Pe es fle x0) soulav’ Hg Baw onl 
axtoW satsdlghe ela tol bua CL smugtt)-erod vatayeb 


iG 44a win? 


vitiotenead sane maebee Beanies, 90:02 « 00780) azved’ onrsysbinda Veg 


eote cemedseq Geannrssodsonly isons Lage tome « 


<1, Spa 


oy “oy am BZ 


bran yqnd vee enthbgeuls wit ee: .5.€-2.f2 mesested bhognust 


fa 7 


enw Bavlev ag an is ite git? Ge bn God vowed Wepnot eauley Sq odd equortg: 7 
efujakg of2 a) tate at gne Ch aes eelt ers ol welimte etee ama yeb’ 
ow 2° Sheath air’-9e seonievy AG Geer ait ques 

omg eucety att tot gewlay bese o> SsYods ~{lansrartingts, ~ 
pas; we real «2Toe RetGeY acs)  yetoo ef) % ‘ane7 pOE2@0, 1 
‘p pitt gf Cf Itgesen? eft oF _ SReTIED oi 6. uo7s odientn 


heseyeee ae abla By pee at? ni seoneveliib bettas siae | 
J 


pabopinotg soup stay Beensudish seat? «Cf ote lt) quera/ odsoeke, 


lu ehoine phem od Sted Yn8! aotabwaio ete Senlav op enlq ,Jestdesad 5 


ni webine ty cana). weltete aah? taert ret%e qpomg odaaaty ada | 
esoiey man at cats teggha wee qietg kad) ao 068 on tbr tents" ed = 
‘tont? wit elevmadik seotiay Gale «tentiass d verte quuyg odeseie 
ts nt wouter Gp pate . COONIG PREY anand  eadssegen ais gota 
vat (S wsugtt) &.t-%&i semvied bevare wl} “‘quetg bojasta~odes 
aif ake Ty ode sod belie way ohn) yar goo f£ ae wevig saw Lt3sot 
“lee hasloy ont gated gars sme qi soawk? birgte sigw sewed, eatiit : 


At io sab gnteges ate spawn T lod ‘spudeot +ai%e wivod 03-246 ns 


pint 23ST aia ELibb wohwa wis wnt aimedsen ads 03 Liseoxqnt @ 
eee st 


162 


the gastric pH values were significantly above placebo values between 
3.5-12.0 hours after dosing. With Enprostil 70 mcg hs, mean 
intragastric pH values were significantly greater than placebo between 
3.5-12.0 hours after dosing. Indeed, when the intragastric pH values 
were monitored into the daytime hour following the nighttime 
administration of 70 mcg Enprostil, the mean intragastric pH woauee were 
significantly above placebo values for 13.5 hours after dosing (Figures 
l and 2). Following the nighttime dose of cimetidine 600 mg bid, the 
intragastric pH values were significantly higher than those in the 
placebo group at 2.5, 3.5-6, 10, and 12 hours after dosing (Figure 2). 

During the daytime, the mean intragastric pH values in the patients 
treated with Enprostil 35 mcg bid were numerically higher than the pH 
values in patients treated with cimetidine 600 mg bid, but none of these 
differences achieved statistical significance. Similarly, during the 
nighttime hours, there was no significant inter-group mean pH values. 
Thus, there was no difference in the mean pH values of the nighttime pH 
regimen in the Enprostil 35 mcg bid versus the Enprostil 70 mcg hs 
groups. 

Cumulative percentages of the pH readings at or above a given pH 
from 1.0 to 7.0 are shown in Figure 3. During the daytime (Figure 3a), 
less than 5% of the pH readings were > 4.0 in the placebo-treated 
patients. There was no difference between placebo, Enprostil 35 mcg hs 
and Enprostil 70 mcg hs groups in the percentage of pH reading > 4.0 
during the daytime period. In contrast, 21% of the daytime pH readings 
were > 4.0 in the cimetidine group, and 34% of the pH readings were > 
4.0 in the 35 mcg bid groupe Although a numerically greater proportion 


of pH readings were > 4.0 in the Enprostil 35 mcg hs during the 
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nighttime as compared with the placebo group, these differences failed 
to achieve statistical significance (Figure 3b). While 29% of the pH 
readings were > 4.0 in the cimetidine group during the night, greater 
than 38% of the pH readings were > 4.0 in the Enprostil 35 mcg bid and 
in the Enprostil 70 mcg hs groups (Figure 3b). When the results of the 
daytime and nighttime hours were combined and assessed for thagoszhoue 
period, only 7% of the pH readings were equal to or greater than 4.0 in 
the placebo group (Figure 3c). A similar percentage of pH readings > 
4.0 was observed in the Enprostil 35 mcg hs group as compared to the 
placebo group. Although 18% of the pH readings were > 4.0 in the 70 mcg 
hs Enprostil group, the most dramatic difference was noted in the 
Enprostil 35 mcg bid group, with more than 35% of the pH readings > 
4.0. This mean value was numerically greater than that in the 
cimetidine group (21%). Thus, when considering daytime, nighttime, and 
24-hour results, the greatest proportion of pH readings were equal to or 
greater than 4.0 in the Enprostil 35 mcg bid group. 

The pH values were converted to intragastric yt activities and the 
results following each meal and overnight are summarized in Figure 4. 
The mean intragastric ar activities were significantly suppressed by 
cimetidine and Enprostil 35 mcg bid after breakfast, overnight and 
during the 24-hour period. The overnight 7 activities were suppressed 
by Enprostil 70 mcg hs to a similar extent as the suppression observed 
with Enprostil 35 mcg bid. Although the mean values of the nighttime 
e20;0008-) 03:00) Mintragastric Ht were lower in the Enprostil 35 mcg hs 
group as compared to the placebo group , the difference was not 


Statistically significant. 
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2. Serum Gastrin Concentrations 


The mean basal serum gastrin concentration was 48.40 + 6.06 ng/L in 
the placebo-treated group. After each meal the serum gastrin 
concentration in the placebo-treated group increased to a _ similar 
magnitude with the average maximal concentration of 136.67 s 31263 
ng/L. The peak concentration was attained within 60 minutes after each 
meal (Figure 5). 

In patients treated with cimetidine 600 mg bid, the serum gastrin 
concentration rose after each meal. Most of the mean values for the 
serum gastrin concentration during the daytime hours were significantly 
higher in the cimetidine treated group as compared to those values 
observed for the serum gastrin concentration observed in the patients 
treated with placebo. In the cimetidine-treated group the serum gastrin 
concentration achieved a significantly higher peak concentration after 
each meal. With Enprostil 35 mcg bid, the serum gastrin concentration 
failed to increase after breakfast, with persistently lower gastrin 
concentrations over two and a half hour period after breakfast as 
compared to placebo. Indeed, the effect of Enprostil 35 mcg bid on the 
serum gastrin concentration after breakfast was striking at one hour, 
since ten out of ten (100%) of the study patients had lower gastrin 
levels after Enprostil 35 mcg bid than after placebo. Seven of these 
ten subjects (70%) had gastrin levels reduced to at least 50% while on 
Enprostil 35 mcg bid as compared with placebo. In contrast, when a 
single dose of Enprostil was given at bedtime either as the 35 mcg or 
the 70 mcg group, the serum gastrin concentration increased after each 
meal, including after breakfast, in a similar fashion as in the placebo 


group. 
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In the placebo-treated patients, there was an increase in the 
gastrin concentration after each meal, and the integrated gastrin 
response was similar after breakfast, after lunch, and after supper 
(Table 2). The post-prandial integrated gastrin responses after each 
meal were higher in the cimetidine as compared with the placebo-treated 
patients, although the difference was significant only after presi race 
(Table 2). While the integrated gastrin response was similar in the 
Enprostil 35 mcg bid versus the placebo group after lunch and after 
supper, the integrated gastrin response after breakfast was 
Significantly lower in the Enprostil 35 mcg bid as compared with the 
placebo group. The integrated gastrin response was thus markedly lower 
after breakfast in patients given Enprostil than in patients given 
cimetidine. The post-prandial integrated gastrin responses after all 
meals were similar in the Enprostil 35 meg hs, Enprostil 70 mcg hs, and 
in the placebo group. 

During the nighttime hours, the serum gastrin concentrations were 
similar in all Enprostil groups and in the placebo group. In contrast, 
the gastrin concentration was significantly higher in the cimetidine 
group than in the placebo group over the 1.5 - 4.0 hour period after the 
evening dose of cimetidine (Figure 5). Due to the prolonged gastrin 
response observed with cimetidine after suppertime, the integrated 
gastrin responses were also calculated from 17:30 - 24:00 hr. Only the 
value in the cimetidine-treated group was significantly higher than in 


the placebo-treated group (Table 2). 
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3. Ratio of Hydrogen Ion Activity to Serum Gastrin Concentration 


In the placebo-treated patients, the ratio of the hydrogen ion 
activity to the serum gastrin concentration (H*/G) rose after each meal 
(Figure 6). The ratio of u/c was dramatically reduced in the 
cimetidine-treated patients. During the datyime, the ratio of ut /c was 
similar in the Enprostil 35 mcg hs, Enprostil 70 meg hs and the placebo 
groups (Figure 6). &#nprostil 35 mcg bid exerted both a daytime and a 
nighttime effect on intragastric pH and serum gastrin concentration 
(fi cures@el’e2e and® 5). Themeratioifof Ha/G was intermediate in the 
Enprostil 35 mcg bid group between the values in the placebo-treated 
patients and the suppressed values in the cimetidine-treated patients, 
despite the greater acid inhibition in this Enprostil group. The 
nightime Ht/G values in all Enprostil-treated groups were intermediate 


between the high value in the placebo group and the low value in the 


cimetidine group. 
DISCUSSION 


Enprostil, a dehydro-prostaglandin Ey» is a potent antisecretory 
agent. When given in an oral dose of 35 mcg twice daily, Enprostil was 
at least as effective as cimetidine 600 mg twice a day in suppressing ae 
activities after breakfast, overnight and over the 24-hour period 
(Figures 1-4). Although the mean pH values were similar in these two 
treatment regimens, pH readings remained > 4.0 for longer periods in the 


Enprostil 35 mcg bid than in the cimetidine group, both during the 


daytime and during the nighttime (Figure 3). 
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Agesinelemidosemotenunprosti Wes5iemcetigiven at. 20200, hr only. had 
effects on intragastric pH from 3.5-6.0 hr after dosing. The effect of 
Enprostil 35 mcg bid on the daytime pH was striking up to 6 hours after 
the morning dose, although in some patients there was an additional 
effect on pH values until 8.5 hr after the dosing. After the evening 
dose of Enprostil 35 mcg bid, the effect on intragastric pH peneiared 
throughout the nighttime. The duration of action was even more 
prolonged with a higher dose: when the nighttime dose was doubled to 70 
meg, the effect on intragastric pH lasted 13.5 hours, but the nocturnal 
pH values were not significantly different than those of Enprostil 35 
meg given twice daily. The daytime pH values were also higher in the 
Enprostil@ /Oeumesachsr group,eiibutee only: cforwdthettfirst Mhourdeatter 
breakfast. These results suggest that Enprostil suppresses intragastric 


is 


activities in;a dose-dependent manner, but that the duration of 
action is influenced both by the dose of medication and by the frequency 
of dosing. The explanation for this carry-over effect when the 
medication is given in divided doses has not been established in this 
study. Clearly, Enprostil 35 mcg bid is superior to the other regimens, 
as it exerts a prolonged effect on pH both during the daytime and during 
the nighttime. 

The serum gastrin response to a meal is under the influence of 
vagal stimulation!*, gastric distension!?, and the presence of food in 
the stomach!®, Food-stimulated acid secretion is partly under the 
control of gastrin. The pH remained between 1.5-3.3 in the placebo- 
treated group, with only transient elevation of pH for a short duration 


after each meal, possibly due to the buffering effect of food. The 


gastrin response to a meal is thought to be at least partially under the 
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negative feedback control of gastric acidity’. Thus, -it was.enot 


surprising that the higher gastrin response after each meal was observed 
in the cimetidine-treated patients whose intragastric H* activities were 
Suppressed after meals. However, it is likely that cimetidine and 
Enprostil influence gastrin levels by some mechanism(s) in addition to 
their effect on intragastric acidity, since these ned wae ene) altered 
the Ht /gastrin ratio (Figure 6). 

Interestingly, the gastrin response to a meal was suppressed 
markedly for a 2.0 hour period after breakfast by Enprostil 35 mcg bid, 
despite the presence of marked gastric acid suppression. Furthermore, 
the gastrin responses were lower in all Enprostil groups as compared to 
cimetidine groups after the nighttime dose of medication. This suggests 
that Enprostil has antigastrin properties, in addition to potent 
antisecretory properties. Previous results have been conflicting as to 
the effects of different forms of prostaglandins on serum gastrin 


Boncestrationce: +. 


The effect on gastrin may be related to the type of 
prostaglandin or to the route of its administration. Prostaglandin is 
believed to decrease gastric acid secretion from parietal cells by 
dohibiting cyclic-AMP formation!®>19, but the mechanism of the effect of 
prostaglandin inhibition of gastrin release in response to food is 
unknown. It is uncertain from this study what proportion of the 
prostaglandin-related inhibition of acid secretion is due to the 
blunting of the food-stimulated gastrin response, or to a direct effect 
on acid production and release. 

The development of a peptic ulcer is believed to occur when there 


is an imbalance between the aggressive factors of acid and pepsin, and 


defensive factors related to mucosal resistance and mucosal 
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protection. Several prostaglandins have a “cytoprotective” property 
unrelated to gastric acid inhibition?9. The mechanism of this mucosal 
defense has not been established, although it may relate to the 
properties of prostaglandin in enhancing mucus and _ bicarbonate 
production, strengthening the mucosal epithelial junction, and 
increasing mucosal blood flow. The antisecretory and Sete per 


properties of Enprostil suggest that this prostaglandin may prove to be 


beneficial in the healing of peptic ulcers. 
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07:00 NG tube placed under fluoroscopy, 
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Figure l. Mean intragastric pH values during the daytime (08:00- 
Z02'00 ). 
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overnight and over 24 hour period (mmol/L). 
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Figure 6. Ratio of H+ and serum gastrin concentration (H+/G) over 


24 hour period. 
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8. INTERRELATIONSHIP BETWEEN GASTRIC ACIDITY 
AND GASTRIN CONCENTRATION IN PATIENTS 


WITH DUODENAL OR GASTRIC ULCER, AND NORMAL SUBJECTS 
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SUMMARY 

Increased gastric acidity (Ht) may be important in the pathogenesis 
of duodenal ulcer (DU). The role of Ht in gastric ulcer (GU) is less 
well defined. This study was undertaken to determine: 1) the 24-hour 
intragastric pH and gastrin (G) profiles in 31 DU, 8 GU and 7 healthy 
volunteer subjects (N), and 2) the effect of cimetidine 600 mg bid (C) 
on these measurements. The basal acid output (BAO) was higher in DU and 
lower in GU than in N but there were considerable overlaps; thus there 
was no statistical difference between the means. In response to 
pentagastrin, the peak acid output (PAO) was significantly higher in DU 
than that of GU or N. There was no difference between intragastric ae 
activities after meals, overnight and over the 24-hour period in DU, GU 
and N. However, the pH values remained at or above 4.0 for a longer 
period during the night in GU than in DU or N. There was no difference 
in the basal G concentration in all subject groups but the postprandial 
G response after each meal was higher in GU than in DU and in DU than in 
N. In GU, C was associated with Ht suppression after all meals and 
overnight, whereas in DU and N, C suppressed Ht only after breakfast and 
overnight. The G response to food was enhanced by C to a greater 
magnitude in DU and GU than in N. In N, the ratio of H*:G was higher 
than in DU or GU but was suppressed only minimally by C whereas marked 
suppression of Ht:G was observed in DU and GU with C. Cimetidine is 
effective in H*’ suppression in all subject groups and may alter the 
sensitivity of parietal cell to gastrin. 

In summary, patients with a past history of duodenal or gastric 
ulcers differed from normal volunteers in their food-stimulated gastrin 


response, and in their gastrin-response in patients taking cimetidine. 
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Cimetidine also accentuated the difference in H':G between DU or GU and 
N. In view of these differences in gastrin response to food, but not in 
chetrgeintragastric’*pHs ini response ‘to food, it is suggested that 
defective control of or response to gastrin may be more important than 


the intragastric activity in the pathogenesis of acid-peptic disease. 
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INTRODUCTION 

There are many abnormalities which may be important in the 
pathogenesis of duodenal and gastric ulcer disease (1,2). The role of 
gastric acid in the pathogenesis of duodenal ulcer (DU) is generally 
accepted. These patients tend to have higher stimulated acid secretion 
in response to food and secretagogue than normal subjects GmAe The 
defective feedback control of gastric acid on gastrin release may be 
responsible for the higher gastrin response to food in duodenal ulcer 
patients (5). The role of gastric acid in gastric ulcer (GU) is less 
well defined. The acid secretory capacity has been shown to vary 
depending on the location of the ulcer and its aa souita ronee ten duodenal 
ulcer (6,7). However, one of the approaches to the therapy of gastric 
ulcer has been aimed at the reduction of gastric acid. Gastrin 
concentration has been reported to be higher in some gastric ulcer 
patients than in normal subject (8). This higher gastrin concentration 
may be related to lower intragastric acidity or to increased G-cell 
sensitivity or stimulation as a result of delayed gastric emptying in 
gastric ulcer as compared to normal subjects (9). 

Cimetidine has been shown to be beneficial in the healing of both 
duodenal ulcer and gastric ulcer (10,11). Our previous study showed 
that cimetidine 600 mg given twice daily suppressed the 24-hour 
intragastric acidity and enhanced gastrin response to food in patients 
with inactive duoudenal ulcer disease (12). However, the 24-hour 
intragastric concentrations» and the effect of cimetidine on these 
measurements have not been reported in patients with gastric ulcer 
disease. Accordingly, the present study was designed to: 1) compare 


24-hour intragastric pH and serum gastrin profiles in patients with 
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duodenal or gastric ulcer disease, and in normal subjects and BS) 
determine the effect of cimetidine 600 mg bid on these measurements in 
the three subject groups. 

MATERIALS AND METHODS 

The study population consisted of 31 subjects with inactive 
duodenal ulcer disease, 8 subjects with inactive gastric ulcer disease 
and 7 normal subjects. Only 23 out of 31 duodenal ulcer subjects were 
randomized to cimetidine 600 mg bid and placebo treatment. A double- 
blind, cross-over study was used in which each subject received 
cimetidine 600 mg bid and placebo for one week each. Each subject was 
hospitalized on the last day of the treatment week over 24-hours for 
intragastric pH and serum gastrin and drug level measurements. The 
other 8 subjects with duodenal ulcer were studied after the placebo 
treatment as part of other studies. All patients with either duodenal 
ulcer or benign gastric ulcer previously documented on upper endoscopy 
were found to have healed- They were not receivng medication at the 
time of the study. None of them had previous vagotomy or gastric 
resection for their ulcer disease. They were free of other significant 
systemic diseases. All normal sujbects were free of gastrointestinal 
complaints including peptic ulcer symptoms and none of them had a past 
history of gastrointestinal disease. Endoscopy was not performed on 
these healthy volunteers. 

Descriptive characteristics of each subject group are shown in 
Table 1l. There were 19 males and 12 females in the duodenal ulcer 
group. Their mean age was 41.6 + 2.4 years (range 23e-06/7 years)%s* i The 
mean duration of disease was 4.9 years.- There were 7 females and 1 male 


in the gastric ulcer group. Their mean age was 48.3 + 14.7 years (range 
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19 - 64 years). The mean duration of diseae was 7.1 years. The ulcers 
were previously located in the gastric antrum in 6 out of the 3 
patients. Only 2 patients had ulcer in the body of the stomach. Only 1 
patient was taking excessive aspirin during the time gastric ulcer was 
previously diagnosed. None of the patients were taking ulcerogenic 
medication at the time of study. Eleven subjects with duodenal ulcer 
were smokers whereas 5 gastric ulcer patients and 1 normal subject 
smoked. There was no change in the patients’ smoking habit during the 
study period. None of the subjects abused alcohol. Physical 
examination, hematological and biochemical tests of each subject 
remained normal during the study period. | 

Before entry into the study, all subjects had a pentagastrin 
stimulation test (6.0 mcg/kg subcutaneously). 

The project was approved by the Ethics Committee of the Department 
of Medicine, University of Alberta, and informed consent was obtained 


from each patient prior to the study. 


TRIAL PROCEDURE 

On the last day of each treatment week, patients were admitted at 
7:30 a.m., after an overnight fast. A strict protocol was then followed 
(12). A nasogastric tube, size Fr. 14-16, was passed and positioned in 
the most dependent part of the stomach under fluoroscopic control. 
Intravenous line was established with 0.9% saline solution at a rate to 
keep vein open sufficient to allow free sampling of venous blood for 
serial determinations of serum gastrin and serum cimetidine 
concentrations. The standardized meal similar to our previous study 


(12) was provided so that identical caloric intakes and proportions of 
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macronutrients were consumed by each subject during the study periods. 
Patients were encouraged to refrain from alcohol and smoking but if the 
patient continued to smoke, the number of cigarettes consumed were 
recorded on the study day. Vital signs were monitored during the study 


period and all subjective symptoms were recorded. 


INTRAGASTRIC pH MEASUREMENT 

Gastric samples in the amount of 5 ml were aspirated every 30 
minutes during the day and every 60 minutes during the sleep hours. The 
pH of each gastric sample was measured to the nearest 0.10 unit using a 
combined glass and reference electrode and pH meter. The pH electrode 
was calibrated with standard buffer of pH 2.0, 4.0 and 7.0 before each 
batch of measurements. The samples were then returned to the stomach 
content to ensure complete absorption of the drug. 

The pH values were plotted over a 24-hour period in subjects 
treated with cimetidine and placebo. The cumulative percentages of pH 
readings at or above pH 1.0 - 7.0 were calculated in all treatment 
groups. The cumulative percentages of pH readings > 4.0 was chosen as a 
point of comparison between the treatment groups as peptic activity is 
markedly decline at pH 4.0 (13). 

The result of each pH measurement was converted to hydrogen ion 
activity (Ht) using standard table (14) for analysis. The effect of 
cimetidine on ae in all subject groups was determined over a specific 


period after each meal, overnight and over 24-hour period. 


SERUM GASTRIN CONCENTRATION 


Blood samples were drawn every 30 minutes over a two hour period 
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after each meal and at two to four hour intervals during the night. 
Samples were centrifuged and separated immediately, then stored at -4°C 
for further determinations of serum gastrin concentration. A commercial 
radioimmunoassay kit was used to measure serum gastrin concentration. 
The antibody employed measured both G-17 and G-34. 

The total postprandial gastrin responses over a four hour period 
were calculated by obtaining the total area under the curve from 


mealtime to four hours after each meal using the trapezoidal rule. 


STATISTICAL METHOD 

The mean intragastric pH and gastrin concentrations cae calculated 
in each subject group when receiving cimetidine or placebo. Mean 
intragastric Ht activities converted from pH values at specific time 
periods were compared using analysis of variance to determine the 
difference between groups. The effect of cimetidine in all subject 
groups were compared by adjusting to the placebo values. The F-test was 
applied at the 5%Z level of significance to determine the overall 
difference. The pairwise difference was tested using Student-Newman- 


Keuls test when there was overall difference. 


RESULTS 
ibs) Basal and Stimualted Acid Output 

There were marked variations of basal acid output (BAO) in 31 
patients with DU, ranging from 0.1 to 43.0 mmol/hr (Figure 1). Ten out 
of 31 subjects with DU had BAO higher than 5.0 mmol/hr. The mean BAO in 
patients with DU was 6.0 + 1.5 mmol/hr (Table 2). The mean BAO in 8 


patients with GU was 0.8 + 0.4 mmol/hr with the range of 0.1 - 2.5 
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mmol/hr. None of the GU patients had a BAO greater than 3 mmol/hr. The 
mean BAO in normal subjects was 3.0 + 1.7 mmol/hr, and only 1 volunteer 
had a BAO greater than 5 mmol/hr. Due to overlaps of BAO in DU, GU and 
normal subjects, the differences in BAO in three subject groups failed 
to achieve statistical significance. 

In response to pentagastrin (6.0 mcg/kg, subcutaneously), the mean 
maximum acid output (MAO) in DU group was 41.0 + 3.1 mmol/hr (Table 
2). The MAO was higher than 35.0 mmol/hr in 16 out of 31 (52%) of the 
subjects with DU. The mean MAO was higher in DU subjects than in normal 
subjects, with considerable overlap between patients with DU and normal 
subjects. The difference failed to reach a ata rae pCa significant 
level. The MAO in patients with GU overlapped with the values in normal 
subjects (Figure 2). However, the mean MAO was significantly lower in 
GU subjects than in DU_ subjects. The mean peak acid output was 
significantly higher in patients with DU than in patients with GU or 


normal subjects (Table 2). 


a) Twenty-four Hour Intragastric pH Profiles and ae Activities 

In the 7 normal subjects, the pH values ranged between 1.7 - 3.0 
during the 24-hour period when treated with placebo (Figure 3). In 
subjects with DU, the pH values fluctuated between 1.7 - 2.9 over the 
24-hour periods, with the mean pH of 2.2 + 0./ during placebo treatment 
(Figure 4). The pH values varied between 1.2 - 3.9 in the GU subjects 
treated with placebo (Figure 5). 

During the 24-hour period, only 2.5% of the pH readings remained at 
or above 4.0 in the normal subjects treated with placebo (Table 3). 


Following placebo treatment, the percentage of pH readings 2 4.0 ‘was 
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numerically higher in patients with GU than patients with DU, whose 
values in turn were higher than in normal subjects. However, the 
differences between all groups were not statistically significant. 
During the daytime period the percentage of pH readings > 4.0 was 
similar in all groups. During the night, the percentage of pH readings 
> 4.0 was significantly higher in subjects with GU than in DU subjects 
or normal subjects. The percentages of pH readings > 4.0 during the 
night were similar in DU subjects and normal subjects. 

The mean H’ activities over the 24-hour period was 16.14 + 1.75 
mmol/L in subjects with DU treated with placebo (Figure 6). This value 
was not statistically different from the 24-hour mean H’ activities in 
either placebo-treated gastric ulcer subjects or placebo-treated normal 
subjects. Similarly, the Ht activities after each meal were not 
different between each subject group treated with placebo. The HH’ 


activities were numerically highest after breakfast and during the night 


in all groups. 


3) Serum Gastrin Concentration 

The mean basal gastrin concentration was 24.3 + 3.4 ng/L in normal 
subjects treated with placebo (Table 4). The mean basal gastrin 
concentration was numerically higher in GU patients treated with placebo 
than in normal subjects (49.0 + 9.4 ng/L vs 24.3 + 3.4 ng/1. This 
difference was not statistically significant. The value of the mean 
basal gastrin concentration was intermediate between these values in the 
DU patients following placebo treatment (37.5 + 3.3 ng/L). 

After each meal the gastrin concentration rose approximately 170% 


in normal subjects and 210% in patients with DU or GU following placebo 
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treatment. The average peak gastrin concentration in normal subjects 
was 66./ + 8.7 ng/l (Table 4). The peak gastrin concentration after 
each meal was numerically higher in both DU patients and GU patients 
than in normal subjects, with the mean peak gastrin concentration of 
117.0 + 2.3 ng/L and 150.8 + 15.6 ng/L in DU subjects and GU subjects, 
respectively. The gastrin responses calculated over a 4 hour period 
after each meal are shown in Table 4. After each meal, the gastrin 
response was higher in DU patients and GU patients than in normal 
subjects. The difference between the DU group and normal subjects was 
significant only after breakfast (p < 0.05). The gastrin eee were 
significantly higher in the GU patients than in npenadennjeere after 
all meals. The gastrin responses after each meal was numerically higher 
in GU patients as compared to DU patients but only the difference after 


supper was significant (p < 0.05). 


4) Effect of Cimetidine on Gastric Acidty and Gastrin Concentration 
The effects of cimetidine 600 mg bid on gastric acidity and gastrin 
concentration were studied in 23 DU patients, 8 GU patients and 7 normal 
subjects. In all subject groups cimetidine was associated with higher 
pH values when compared to the placebo-treated values (Figures 3 - 5). 
Adjusted to the placebo values the effect of cimetidine 600 mg bid 
on intragastric pH values were similar after breakfast, after lunch, 
overnight and over a 24-hour period in all subject groups (Table 5). 
After supper the effect of cimetidine on intragastric pH was greater in 
GU patients than those in DU patients and in normal subjects (Table 


5). Cimetidine suppressed Ht activities after breakfast, overnight, and 
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over a 24-hour period in normal subjects (Figure 7) and in DU subjects 
(Figure 8). The H’ activities were Suppressed at all time periods in GU 
subjects (Figure 9). 

The gastrin concentration increased slightly with cimetidine after 
breakfast and lunch in normal subjects but the difference of gastrin 
response after each meal was not significant in this normal. sub ject 
group when treated with cimetidine or placebo (Figure 10). The gastrin 
response after each meal was greatly enhanced by cimetidine in DU and GU 
subjects (Figures 11, 12). The difference of postprandial gastrin 
response between the cimetidine-treated group and the placebo-treated 
group was significant after breakfast in DU and GU Bubaeeees 
c) Relationship of per Activities and Gastrin Concentration 

In all subject groups, the ratio of the H* activities and the serum 
gastrin concentration (H*/G) fluctuated after each meal when the placebo 
was given (Figure 13, 14, 15). The values tended to be higher in normal 
subjects than in DU or GU patients. The ratio of H'/G throughout the 
24-hour period was markedly suppressed by cimetidine in both GU and DU 
subjects (Figure 14, 15). The ratio of Hac was suppressed by 


cimetidine only after breakfast in the normal subjects (Figure 13). 
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DISCUSSION 

There is evidence to support the role of gastric acid in the 
pathogenesis of duodenal ulcer. Gastric acid secretion in response to 
sham feeding has been shown to be higher in duodenal ulcer patients than 
Limo rmale  COULTOLS 95( 15). Increased acid secretory responses to 
secretagogues may be related to increased sensitivity of parietal cells 
to stimulation or greater number of parietal cell mass in duodenal ulcer 
patients (16,17). Increased duodenal acid load related to rapid gastric 
emptying is another possible mechanism in the pathogenesis of duodenal 
ulcer (18). Relationship between intragastric acidity and intraduodenal 
acidity has been previously shown (19). 

The role of the gastric acid in gastric ulcer is less well defined 
than that of duodenal ulcer. The acid secretory capacity in gastric 
ulcer varies and thus may depend on the site of ulcer (6). However, the 
presence of low acidity does not totally exclude the role of acid in the 
formation of gastric ulcer. Increased Ht back diffusion through the 
damaged mucosa may lead to loss of intraluminal Ht (20). The 
concomitant gastritis may lead to impaired acid secretory capacity in 
gastric ulcer patients. Finally, the increased refluxed duodenal 
contents in gastric ulcer patients may provide sufficient neutralization 
of gastric contents (21,22). The role of gastric acid is suggested by 
the fact that ulcer rarely occurs in the presence of achlorhydria or in 
patients with pernicious anemia (23,24). Furthermore, acid inhibition 
by an Hy blocker is associated with the healing of benign gastric ulcer 
GLOY 

In this study, we found marked variations of BAO in duodenal ulcer 


patients, with 10 out of 31 duodenal ulcer patients had BAO Pi 20 
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mmol/hr, whereas only 1 out of 7 normal subjects and none of the gastric 
ulcer patients had BAO > 5.0 mmol/hr. Acid secretion in response to 
pentagastrin tended to be higher in duodenal ulcer subjects than in 
normal subjects and was significantly higher than that of gastric ulcer 
subjects (Table 2). The MAO was > 35.0 mmol/hr in 16 out of 31 duodenal 
ulcer patients, whereas 2 out of 7 normal patients and 2 out of 8 
gastric ulcer patients had MAO values exceeding 35.0 mmol/hr. This 
suggests that the basal acid secretory output is higher than normal 
control in a certain subgroup of duodenal ulcer subjects. In contrast, 
basal acid output in gastric ulcer patients is similar to normal 
subjects. This study was performed in patients with eres duodenal 
or gastric ulcer. In DU, acid secretion decreases with the activity of 
the disease (25). The increased H* diffusion or impaired gastric 
secretory capacity from the inflammed tissue during the acute injury may 
lead to lower intraluminal H’ in GU patients. However, this has not 
been described in duodenal ulcer patients. 

Intragastric pH monitoring has been a useful technique to measure 
the effects of diet and drugs on intragastric pH over a prolonged period 
under physiological conditions closest to real life (26). Clinical 
responses to antisecretory agents in patients with Zollinger Ellison 
syndromes have been shown to correlate with their effect on 24-hour 
intragastric pH (27). By using. this technique, it is not possible to 
measure the total acid secretory volume or acid output over this 
prolonged period with the presence of food in the stomach. This study 
suggests the similarity of intragastric pH profiles in subjects with 
duodenal ulcer, gastric ulcer and normal subjects. The H’ activities 


after each meal, overnight and over the 24-hour period were not 
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different between the three subject groups. However, the intragastric 
pH remained above 4.0 for a longer period during the night in gastric 
ulcer group than that of duodenal ulcer group or normal subject group. 
There was a similar diurnal variation of gastric acidity with the 
highest values after breakfast and during the night in all three subject 
groups. 

It is not certain whether acid concentration or acid volume is more 
important in the formation of peptic ulcer. Indeed, the very idea of 
acid in the etiology of ulcer disease has been challenged (28). In 
spite of the generally accepted role of gastric acid, this study failed 
to confirm increased Ie activities in duodenal ulcer om decreased H* 
activities in gastric ulcer as compared to normal subjects. Thus the 
differences between groups of patients is in basal or stimulated acid 
output and not in acid concentration. It may not be appropriate to 
assume the clinical significances of BAO, MAO in the pathogenesis of 
peptic ulcer disease. Gastric acid may only play a permissive role in 
peptic ulcer disease. It may allow the pepsin to be activated and cause 
damage to mucosa. The abnormality of pepsin secretion and its role in 
ulcer formation have not been fully elucidated. Pepsinogen I has been 
shown to be increased in some duodenal ulcer patients and their family 
members (29,30). The reduction of gastric acid by antisecretory agents 
in peptic ulcer disease will decrease peptic activity (13). This 
gastric acid suppression may only be an indirect measure in treating 
peptic ulcer disease. 

Ulcer is believed to occur when there is an imbalance between the 
aggressive factors of acid, and pepsin, and the mucosal defense 


mechanisms. Several factors are important in maintaining the mucosa 
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protection, including gastric mucus, unstirred water layer, bicarbonate 
secretion, gastric mucosal epithelium, mucosal blood flow, and mucosal 
metabolic function. Several medications are beneficial in the healing 
of both duodenal ulcer and gastric ulcer by their actions in improving 
mucosal defense (31,32). However, it is not known which of these 
factors in mucosal defense is impaired in peptic ulcer disease. 
Prostglandin may be important in protecting the gastric mucosa through 
several mechanisms. It is also interesting to speculate that the 
prostaglandin secretion in the duodenum in response to an acid load may 
be impaired in duodenal ulcer patients (33). In this study, the gastrin 
responses to food were higher in both duodenal ulcer and gastric ulcer 
as compared to normal subjects. In fact, there was a tendency of 
gastrin responses to be higher in gastric ulcer than in duodenal ulcer 
in this study. The lower H':G ratio in patients with duodenal and 
gastric ulcer subjects as compared to normal subjects suggested the 
decreased sensitivity of parietal cells to secrete acid in response to 
endogenous gastrin in these patients or the defective feedback control 
mechanism of gastric acid on gastrin release. This does not correspond 
with higher sensitivity of acid secretion to exogenous pentagastrin in 
duodenal ulcer patients. 

When the effect of cimetidine 600 mg bid was studied in all subject 
groups, He activity suppression was obtained after breakfast and 
overnight in duodenal ulcer and normal subjects, whereas suppression of 
iene activity was observed after all meals and during the night in gastric 
ulcer patients. The longer effect of acid suppression by cimetidine in 
gastric ulcer subjects cannot be explained by the difference of gastric 


acidity or serum gastrin concentration as compared to duodenal ulcer 
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subjects or normal subjects. Food-stimulated gastrin response was 
enchanced by cimetidine to a greater extent in DU and GU than in normal 
subjects. The ratio of Ht:G was markedly suppressed by cimetidne in 
subjects with duodenal ulcer and gastric ulcer but minimally suppressed 
in normal subjects. Cimetidine thus accentuated the differences in the 
food-stimulated gastrin response and in Ht:G between patients with DU or 
GU and normal subjects. It is possible that an Ho blocker may have an 
effect on the sensitivity of the G-cell to produce gastrin in peptic 
ulcer patients, in addition to its accepted effect on the parietal cell. 

Gastric acidity may only play a permissive role in peptic ulcer 
disease. In order to prevent the occurrence or change the natural 
history of the disease, the primary etiologies need to be defined. 
Further studies are needed to determine the other etiologic mechanisms 
in peptic ulcer disease such as defective mucosal defence or altered 


pepsin secretion. 
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Table 1. Characteristics of Subjects 


Normal subjects Duodenal ulcer Gastric Ulcer 
n= 7 n = 31 n = 8 
Age (yrs) mean + SEM 23.4 +4 1.8 41.6 + 2.4 48.3 4 14.7 
Sex (male:female) 395) AS ia hy? das Ji 
Smoking (no. of patients) i eal 5 
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Table 2. Basal and Stimulated Acid Output, mean + SEM 


Normal Subjects Duodenal Ulcer Gastric 

n=7 ee P n= 

BAO (mmol/hr) Shor 2 ay 630%2-1.5 0.8 + 
MAO (mmol/hr) 28.0 + 6.0 USES Oe vei) I AOR 3 
PAO (mmol/hr) 22.9 + 5.5 37.1 + 2.6% 19.4 + 


* p < 0.05, compared to normal subjects 


tT p < 0.05, compared to DU 
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Table 3. Cumulative Percentage of pH Readings (%) 
At or Above 4.0 During the Day, During the Night 


and Over the 24-hour Period Following 


Placebo Treatment, Mean + SEM 


Normal Subjects Duodenal Ulcer Gastric Ulcer 
n=/7 n = 31 n= 8 
24-Hour Period eae em Mace Neel 28 hs) eA ey Say 
Day (0830 - 2200) 3.6 + 2.6 Ses <5 a 4 Onn 2. 7 
Night.9(22307—— 0830) 0 Boleh as lhegs) 21.9 4,2 0% 7, 


* p < 0.05, compared to normal subjects 


t p < 0.05, compared to DU 
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Table 4. Serum Gastrin Concentration and 


Postprandial Gastrin Responses Following 


Placebo Treatment, Mean + SEM 


Normal Subjects Duodenal Ulcer 
n=/7 n = 31 
Basal gastrin 24 343.4 37.5430 
concentration (ng/L) 
Peak gastrin 66 .7/48.7 17 02-245 


concentration (ng/L) 


Postprandial gastrin responses 


Breakfast , 1963.94563.7 3703.44348.3%* 
(0830-1230) 


Lunch 2321 e271 63 4160.14419.7 
(1230-1630) 


Supper 2643 .84279.6 4132.94372.1 
(1730-2130) 
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Gastric ulcer 


n = 8 


49 .049.4 


150.8415 .6 


4581.14/769.1* 


5828 .041044.3%* 


6510 .5t1 522.2 %7) 


* p < 0.05, compared to normal subjects 


t p < 0.05, compared to DU 
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Table 5. Mean Intragastric pH Values After Meals, Overnight 


and Over 24-Hour Period When Cimetidine 600 mg bid was Administered 


Normal Subjects 


Duodenal Ulcer 


Gastric Ulcer 


a ig Ge n= 8 
Breakfast (0900-1100) 3.47 3.74 4.18 
Lunch (1300-1500) Pse18) 209) 3279 
Supper (1800-2000) 2200 2.43 3.59" 5 
Overnight Sisal SO), Been 
24-Hour 2.87 Shee Rs) 2.87 


All pH values were adjusted to the placebo pH values 
* p < 0.05, compared to normal subjects 
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BAO (mmol/hr) 


Duodenal Gastric Normal 
Ulcer Ulcer 
n=31 n=8 Aer 


Figure l. Basal acid output (mmol/hr) in patients with duodenal 
ulcer, gastric ulcer and normal subjects. 


Figure 2. 
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Maximal acid output (mmol/hr) in response to 
pentagastrin (6.0 mcg/kg, subcutaneously) in patients 
with duodenal ulcer, gastric ulcer and normal 


subjects. 
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SSS HP EVOROS 
--- Cimetidine 
600mg bid 


@) 2 4 6 8 10 2 14 16 18 20 Zo. 24 
Time After First Dose of Medication (hours) 


Mean intragastric pH over 24-hour period in normal 
subjects (n = 7) treated with cimetidine 600 mg bid 


and placebo. 


Figure 3. 
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Figure 4. Mean intragastric pH over 24-hour period in duodenal ulcer 
patients (n = 23) treated with cimetidine 600 mg bid and 
placebo 
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ZA Duodenal Ulcer (n=31) 
(J Gastric Ulcer (n=8) 


Normal (n=7) 
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Mean intragastric Ht activities after meals, overnight and 
over 24-hour period in patients with duodenal ulcer, 
gastric ulcer and normal subjects when placebo was 


administered (mmol/L), mean + SEM 
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Figure 7. Mean intragastric Ht activities after meals, overnight and 


over 24-hour period in normal subjects (n = 7) treated 
with cimetidine 600 mg bid and placebo (mmol/L), mean + 


SEM 
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Mean intragastric Ht activities after meals, overnight and 
over 24-hour period in duodenal ulcer patients (n = 23) 
treated with cimetidine 600 mg bid and placebo (mmol/L), 
mean + SEM 
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Figure 9. Mean intragastric Ht activities after meals, overnight and 
over 24-hour period in patients with gastric ulcer (n = 8) 
treated with cimetidine 600 mg bid and placebo (mmol/L), 
mean + SEM 
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Figure 10. Mean serum gastrin concentration over 24-hour period in 
normal subjects (n = 7) treated with cimetidine 600 mg bid 


and placebo (ng/L). 
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Figure ll. Mean serum gastrin concentration over 24-hour period in 
duodenal ulcer patients (n = 23) treated with cimetidine 


600 mg bid and placebo (ng/L) 
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Mean serum gastrin concentration over 24-hour period in 
patients with gastric ulcer (n = 8) treated with 
cimetidine 600 mg bid and placebo (ng/L) 
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Figure 13. Mean ratio of Ht activities and gastrin concentration 
(Ht/G) over 24-hour period in normal subjects (n = 7) 
treated with cimetidine 600 mg bid and placebo 
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Mean ratio of Ht activities and gastrin concentration 
(H+/G) over 24-hour period in duodenal ulcer patients (n = 
23) treated with cimetidine 600 mg bid and placebo 
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9. SUMMARIZING DISCUSSION 

The series of studies presented is the result of an attempt to 
elucidate and unify the various physiological aspects in both normal 
subjects and peptic ulcer patients. The results provide a better 
understanding of normal gastric physiology in the aspects of gastric 
acidity and gastrin profile and altered physiological responses 
occurring in the acid-peptic diseases. The studies also demonstrated 
the pharmacological effects of various antisecretory agents on 
intragastric acidity and serum gastrin concentration. These may provide 
a rationale basis for a better approach to the treatment of peptic ulcer 
disease. The role of gastric acid in duodenal ulcer disease is 
generally accepted but the role of gastric acid in gastric ulcer and 
gastroesophageal reflux disease is still controversial. However, the 
treatment of these conditions has been directed at gastric acid 
reduction. 

Previous literature suggested that patients with duodenal ulcer 
tend to have higher BAO and MAO than those in normal subjects +. Both 
BAO and MAO are the measurements of both acid volume and concentration 
in the absence and in the presence of exogenous stimuli. We believe 
that acid concentration may be important in the pathogenesis of peptic 
ulcer disease as it reflects the amount of He present at the mucosal 
membrane available for damage. Therefore we have studied the 
intragastric Te activity over a prolonged period under physiologic 
conditions in normal subjects and in patients with acid-pepsin 
disorders. 


We selected to study the effects of various antisecretory agents 


which have different mechanisms on gastric acid inhibition based on 


Zee 


ed Jymote as Yo slusst oda 
ipxvon diod al efoeqaa | biow f: 
seized s abivoiw szivest ofT omanel 283 zest oie at ns si aad 
siusuag Yo adseqes odd a) qaotodemig ofviesg taoren we, ; hme 
pessoness Lavtgoleteyiq Serette aed attter niraeng =—s c tbtoe 
cotertenomeb cafe serhuse off | seventh Stdgeq-bics antsal ae 
Ciomeposstion eusizey Ww  atastis tastyctomerade 


Mencra 


no 2 nage 


~ > _ = > & 
shivexq vam seadT .nolzetineawo> obzjeng arter brs iibios + a ak. 
; sia - 
— ae 
a 


% ISAS, 
7 : 


sfejaeg at blake obsteag Yo efeo ets git besqaooRr 


.' 


poole singe WAsiemsests off Of Mobengqe Tetsed & yo} atend 
ernpeth: tonto Sanstonh Ol fee sfoneag iO aioz sdT 


bow x07 14 


sft awed. Selarerotsags rljece 62 Ganbotb sulter t 


7 Py 


“2 | sinteage 2s ~ SemmeThh  avee won) «apni ities eusd3 to, 


rs 
: a) 

i _ — 

7, 

sastx lecobdub Arte etieiaey <i beteaygve 273020921 avolward 

ae 4” satay toate ob een” ead Aa vin At roatgaat evade 

robaertenssey bes enbbow Aton Ase To Siugersivasoe 8f3 938 hoses a 

auetiaéd @ teak seen, Moh tise 202 ot awe sonseda 


-2sie 20 sisonaneniy, ot a a em claeraanonme: Hite 


7 
—_e 


223 


parietal cell function. We have studied the effect of a commonly used 
Ho-receptor antagonist, cimetidine, in normal subjects and patients with 
duodenal or gastric ulcer. The effects of two H)-receptor antagonists, 
cimetidine and ranitidine, were tested in patients with a past history 
of reflux esophagitis. Some patients with peptic ulcer disease fail to 
respond to a single agent. One of the reasons of this failure to 
respond to a single agent therapy may be an inadequate suppression of 
gastric acid. Accordingly, we have evaluated the effects of combination 
of H)-receptor antagonist and acid neutralizing agent or antimuscarinic 
agent. Prostaglandin analogues inhibit gastric acid secretion by 
blocking the release of c-AMP 111, The effects of different doses of 
Enprostil, a synthetic prostaglandin, were also compared with cimetidine 
in patients with duodenal ulcer. 

Mucosal damage is believed to occur when the aggressive factors of 
acid and pepsin overwhelm the mucosal defense mechanisms. Studies on 
the pathophysiologic mechanisms of the diseases so far have mainly 
focused on potentially aggressive factors, particularly on gastric 
acid. There el been increasing knowledge on the role of mucosal 
defense mechanisms in protecting gastric mucosal injury, as suggested by 
studies using agents such as prostaglandins and carbenoxolone that 
enhance mucosal defense by different mechanisms. The pathophysiologic 
role of mucosal defense in peptic ulcer disease is not yet known. 

A 24-hour pH monitoring has been a useful technique for evaluating 
the pharmacological effects of antisecretory agents and the choice of 


70,72 and in normal 


the optimum dosage regimen in duodenal ulcer patients 
subjects’. Clinical responses to antisecretory agents in patients with 


the Zollinger-Ellison syndrome have been shown to correlate with their 
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effect on the 24-hour intragastric acidity), By using this technique, 
the effect of diet and drugs can be tested over a prolonged period under 
the physiologic conditions closest to real life in which the medications 
are to be used. The study of intragastric acidity in patients with 
duodenal ulcer disease is potentially relevant to the pathogenesis of 
the disease as there is a close correlation between the acidity in the 
stomach and the acidity present in the first part of the duodenum e 
Under the controlled test conditions used in this study, standardized 
meals were provided and the number of cigarettes consumed and the volume 
of intake were controlled. All subjects received standardized meals, as 
the buffering capacity of food is influenced by the quantity and the 


nature of Pood ek 


The reproducibility of the method was assessed in 
seven duodenal ulcer subjects who repeated the study on separate 
occasions under similar conditions while receiving placebo and identical 
meals with comparable amounts of fat, carbohydrate and protein. The 
mean correlation coefficient between the results from two sets of 24- 
hour intragastric pH recordings in duodenal ulcer patients was 0.17 
(p<0.05). 

With this experimental technique, we were unable to determine the 
total volume of gastric content over the 24-hour period. Terhis Snot 
certain whether acid concentration or acid volume is more important in 
the formation of peptic ulcer. Gastric acid concentration may determine 
the amount of Be at the mucosal surface which may be damaging to the 
gastric mucosa. Cimetidine was shown to have an effect on both 
nocturnal acid secretory volume and total acid output in duodenal ulcer 


subjects. We assumed that cimetidine would similarly have an effect on 


both at activities and acid secretory volume throughout the 24-hour 
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period. We chose to measure the H* activities as determined by pH 
measurements, as it was felt to be a useful measurement to determine the 
effects of various antisecretory agents on gastric acidity. The 
relationship between the levels of acid secretion and the adverse effect 
of the development of peptic ulcer disease is not known. It is not 
certain which of the measures of acid secretion best describes the 
pathophysiologic role of gastric acid. The critical time that gastric 
acid needs to be suppressed is not known. Our studies suggested a 
diurnal variation of acid secretion, with the highest concentration 
after breakfast and during the night in all patient groups and in normal 
subjects. 

The results of these studies failed to confirm the discrepancies 
between the 24-hour gastric acidity as expressed in pH or Ho activities 
in patients with inactive duodenal ulcer, gastric ulcer and normal 
subjects. Only subjects with duodenal ulcer tended to have higher basal 
acid output and stimulated acid output in response to exogenous 
pentagastrin as compared to normal subjects. However, there were 
considerable overlaps of these values in duodenal ulcer patients and 
normal subjects. This wide range of BAO or MAO in duodenal ulcer 
patients suggested a different spectrum of acid secretion in this group 
of patients. The BAO and MAO tended to be lower in gastric ulcer 
patients than in normal subjects with considerable overlaps. However, 
the MAO was significantly lower in gastric ulcer patients than in 
duodenal ulcer patients. 

Gastroesophageal reflux disease is not generally thought of as 
acid-pepsin disorder. Mechanical factors seem to be more important in 


the pathogenesis of the disease. However, both acid and pepsin have 
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been shown to be damaging to the esophageal micosa’>?>. One of the 
mainstays of therapy of this disease is gastric acid reduction. We were 
unable to confirm the findings of others who suggested that BAO was 
higher in patients with gastroesophageal reflux disease than normal 
controls’. The study showed similar BAO and MAO in this group of 
patients who had previous history of esophagitis as compared to normal 
subjects. We found that gastric content in this patient group was 
highly acidic with 90% of the pH readings < 4.0. Their 24 hour pd 
profile or ey activity was not different than that of normal subjects. 

These studies were carried out in patients with inactive DU, GU and 
GERD. It is not known whether the acid secretion changes with disease 
activity. A previous study showed that acid secretion was higher in 
patients with active DU than in healthy controls or in patients with 
inactive put. We speculate that the altered acid secretion may not be a 
primary defect in any of these conditions, although it may increase the 
propensity of mucosal damage or ulceration. The reduction of gastric 
acid by antisecretory agents may only decrease the damaging effect of 
other agents such as pepsin or bile. Peptic activity increases in the 
presence of aciduse The altered pepsin secretion in peptic ulcer 
disease has not been fully studied but such studies are currently 
intensively examined by others. 

A previous study suggested that there is a higher basal gastrin 
concentration in patients with gastroesphageal reflux disease Our 
study did not show any difference in either basal gastrin concentration 
or gastrin response to food between the patients with a previous history 


of esophagitis and normal subjects. The gastrin response to food tends 


to be higher in both duodenal and gastric ulcer patients than in normal 


- 


© quowy pide at OM by A inhale bowed 
foarwn of Seraqngd ob ebsiyadgonn 2 -yrodessl avo) 
on quoty amsting elds mt gagieee ohaveng, tedd~ 
Rey mod OS. whe oOe dh > epakhest Hy asia Bo 00), ak 
: e45at dem Lead Bo segs sind somgwa%ah oa enw 4 : 
ban HO Ue ‘au dapeet date niuealaea wh aoe botsia9 S260. 
nepseth #2 te 2a gnen> pohievoes iia aft uae si 9 jo it 


m+ © 


ai veitgit etucdetissose, bias ‘teria Dowods» tharsa | gue 
dihe odeeling «2 a0 efosaeos -yiatiaed) ml oad i 
mw’ ipet si ya aobtesose bhae poveria eds Jadr sankmegh aie et 
of) seheton! Yee 2S rguodtle ~enolshines opens 46: 
wiateny Ie hokpober att (sgaksasenke 3e a amined 
io jontie getyensh «2 sspesseh Yin ae sineRe sini 
adi pt Seeeevant! ¢tivs2o0) niget (ebhd ow mheqeg he: ‘out 
tents shagey a2 anbrgee rleqeq, Avastin ont: Sia ne 
glsnetwme sae aotbatn cate | ode minRID | istnY oe ae 
aOR, _ eetadie ed ben, 

atateeg teeed adel ai anes aan bomen vous 
a ee keayntqnwartnag sre niente 
| ‘wskzemannonia nda2eiy. Lona nadib seh jomera? ib aaa et 
_ Neeitif: auakreti 2 ante xanetzam adaiainaed boo? or eemeqnen yal a 

> ae a, 


1 


22a: 


subjects. The higher gastrin response to food may be caused by any one 
factor or a combination of several factors including: increased numbers 
of G-cells, increased sensitivity of G-cells, defective feedback control 
mechanism of acid on gastrin release, prolonged G-cell stimulation by 
intraluminal nutrients or gastric distention. The higher gastrin 
response to food in DU and GU may be operating through different 
mechanisms. The molecular forms of G-17 and G-34 of serum gastrin 
concentration were not measured in this study. It was previously 
thought that circulating G-17 is five to six times more potent than G-34 
in stimulating acid secretion but is metabolized more rapidly than 

G-34 107, Recently, it was suggested that G-34 and G-17 have a similar 
potency The higher HT :G ratio in normal subjects than in patients 
with DU and GU suggested a lower sensitivity of acid secretion to 
endogenous gastrin in the DU and GU patients. This does not correspond 
to the higher sensitivity to exogenous gastrin in DU patients as shown 
in this study or in the others#ts This may also represent a defective 
feedback control of gastric acid on gastrin release in these patients 
with DU or GU. 

Cimetidine 600 mg bid suppressed intragastric H’ after breakfast 
and during the night in DU patients and in normal subjects, whereas ae 
suppression was obtained after all meals and during the night with the 
same dosing regimen of cimetidine in GU patients. Thus these GU 
patients appear to be more sensitive to the inhibitory effects of 
cimetidine. The meal-stimulated gastrin response was enhanced by 
cimetidine to a greater extent in DU or GU than in normal subjects. The 


ratio of H':G was markedly suppressed by cimetidine in DU and GU 


patients but was minimally suppressed by cimetidine in normal 
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subjects. The differences in meal-stimulated gastrin response and the 
ratiowor Ht :G between normal subjects and patients with DU or GU were 
accentuated by cimetidine. This result suggests that the sensitivity of 


Ht 


to gastrin may be altered by cimetidine in both groups of patients 
with acid-pepsin disorders. 

For the purpose of patient compliance, the dosing regimen of 
cimetidine was modified to 600 mg twice a day. The results suggested 
that this dosage regimen of cimetidine is superior to the standard 
regimen of cimetidine 300 mg qid in suppressing H’ activities after 
breakfast and during the night. This superiority cannot be explained by 
the change in gastrin concentration or by the difference in serum 
cimetidine concentration. Similar pharmacokinetics were obtained with 
cimetidine 600 mg bid and cimetidine 300 mg gqid, and there was no 
correlation between the serum cimetidine concentration and acid 
suppression. It is possible that acid inhibitory action of cimetidine 
may be a local effect on the parietal cells. The serum gastrin response 
to food was enhanced similarly in both cimetidine-treated groups. 

Both cimetidine and ranitidine suppressed intragastric Ht 
activities after breakfast and during the night in patients with a past 
history of reflux esophagitis. In these patients, the gastric content 
was highly acidic, with 90% of the pH readings remaining at or above 
4.0. In these patients, ranitidine given as 150 mg bid was superior to 
cimetidine 300 mg qid in suppressing the mean intragastric at activity 
after lunch. Thus, even when using doses of the two H,-receptor 
antagonists which are commonly used therapeutically for ulcer healing, 


ranitidine is a more potent antisecretory agent than cimetidine. 


The combination of cimetidine twice a day and frequent antacid, 
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administered one and three hours after meals, markedly suppressed 
intragastric Ht activities during the day and at night. Antacid alone 
given one and three hours after meals and at night maintained the acid 
neutralizing effect during the day but only had an effect during the 
early @hours;jof the night. shortly after «the nighttime dose. Less 
frequent doses of antacid given four times a day, one and three hours 
after lunch and supper, maintained the acid neutralizing effect during 
this time when combined with twice a day cimetidine. Thus, it appears 
that lower Hh activity can be obtained with a combination of antacid and 
cimetidine, than with either cimetidine or antacid alone. It remains 
unknown whether this greater neutralizing and antisecretory effect has 
any therapeutic value. 

The effect of the selective anti-muscarinic agent, pirenzepine, 
either alone or in combination with cimetdine, was compared to 
cimetidine 600 mg bid. Pirenzepine 50 mg bid by itself failed to 
suppress intragastric Ht activities or nocturnal acid volume or total 
acid output. This study failed to demonstrate a possible role of 
increased vagal activity in this group of DU patients as they should 
theoretically respond to this antimuscarinic agent. However, we did not 
study patients who had failed to heal their DU with a previous course of 
treatment with an H»-receptor antagonist. When pirenzepine 50 mg bid 
was combined with twice a day cimetidine, a more prolonged acid 
suppression was observed after lunch, as compared to cimetidine alone. 
Both combination therapy and cimetidine alone suppressed nocturnal acid 
volume, acid concentration and total acid output. Combination therapy 
tended to suppress both nocturnal acid secretory volume and acid output 


for a longer period, as compared to cimetidine alone. Thus the 
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combination of pirenzepine and cimetidine may be of therapeutic benefit 
in DU patients, particularly in those with nighttime symptoms due to 
acid secretion at this time, or in those patients who have failed to 
heal with single agent therapy, including cimetidine. 

Enprostil, a synthetic prostaglandin Ey, increases intragastric pH 
in a dose dependent manner. Enprosti le o5iemneg bid Sis@ateeleast as 
effective as cimetidine 600 mg bid in suppressing intragastric Ht both 
during the day and during the night. A single nighttime dose of 
Enprostil 70 mcg was associated with a similar degree of nocturnal at 
activity suppression as compared with Enprostil 35 mcg bid. The reason 
for this “carry-over” effect of the twice daily regimen is unclear. 

The serum gastrin concentration in response to food was enhanced by 
all medications that suppressed intragastric Ht activity. The only 
exception was that the gastrin response after breakfast was markedly 
blunted by Enprostil 35 mcg bid, and the gastrin responses after supper 
were lower in all Enprostil regimens as compared to cimetidine treatment 
in spite of similar Ht activity suppression after the nighttime doses. 
This suggested that Enprostil may inhibit gastrin release in addition to 
its effect on suppressing acid secretion by the parietal cells. The 
mechanism of this gastrin inhibition is unknown. Neither is it clear 
why this antigastrin effect was so prominent after breakfast. The 
higher gastrin responses to food in other antisecretory regimens may be 
due to the lack of negative feedback of intragastric acid on gastrin 
release. However, the ratio of Ht and gastrin concentration markedly 
fluctuated in all subject groups without a close correlation between the 


two measurements. This suggests that the releases of H+ and gastrin 


also depend on other factors. 
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The pharmacokinetic study showed a diurnal variation of cimetidine 
given as 600 mg bid, with a higher peak concentration and a greater area 
under the curve after the morning dose than after the evening dose. We 
do not have the explanation for this diurnal variation of cimetidine 
pharmacokinetics. Further study has been attempted to determine if this 
observation is due to a diurnal physiologic mechanism of absorption of 
this drug. A similar observation was obtained when the antimuscarinic 
agent, pirenzepine, was combined with cimetidine (Mahachai V, et al, 
unpublished observations, 1984). This antimuscarinic agent did not 
interfere with cimetidine pharmacokinetics (Mahachai VV, ‘et eal, 
unpublished observations, 1984). Thus the diurnal variation in the 
pharmacokinetics of cimetidine is unlikely to be due to cholinergic-— 
mediated factors. 

A similar cimetidine profile was obtained when cimetidine 600 ng 
bid was combined with antacid seven or four times a day. We failed to 
support the previous finding?5 that concomitant administration of 
antacid interferes with the absorption of cimetidine. 

In spite of the effectiveness of all groups of antisecretory agents 
in gastric acid suppression and even in the healing of peptic ulcer 
disease, the etiologic role of gastric acid in these diseases was not 
confirmed. We may be indirectly treating acid-peptic disease by the 
reduction of acid. Gastric acid may only play a permissive role in the 
disease formation. In order to alter the natural history of the 
disease, the primary defect should first be determined and corrected. 
This primary defect may not necessarily be represented by defects in 
acid secretion!1}3, Thus, the studies reported here give some basis for 


the selection of therapeutic regimens in the treatment of acid-pepsin 
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disorders, and indeed for the optimization of this therapy, but these 


studies do not explain the cause of duodenal or gastric ulcers. 


10. RECOMMENDATIONS FOR FUTURE RESEARCH 

Future studies are needed to define different subgroups of peptic 
ulcer patients who may possess different pathophysiologic mechanisms of 
the disease. For example, studies of acid secretion should be performed 
in patients who fail to heal their ulcer with H)-receptor antagonists. 
The altered mucosal defense and pepsin metabolism need to = further 
defined in these patients. Acid hypersecretion may still be important 
in a certain subgroup of patients. For example, the suggestion that the 
normal increase in mucosal prostaglandin levels in response to acid in 
the duodenum is defective in DU (2) needs to be confirmed. Indeed, acid 
may only be a permissive marker for the development of ulcer disease. 
This subgroup of patients will certainly benefit from potent 
antisecretory regimen. The new strategy of treating peptic ulcer 
disease by utilizing agents that improve mucosal resistance or inhibit 


peptic activity should be further investigated. 
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12. APPENDIX 


MEDICAL MANAGEMENT OF UNCOMPLICATED PEPTIC 
ULCER DISEASE IN ADULTS 


(A slightly modified version of this chapter has been submitted for 
publication in Bockus Textbook of Gastroenterology, 1984, A.B.R. Thomson 
and V. Mahachai) 
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Peptic ulcer disease is a common medical problem which results in 
considerable morbidity and mortality due to its propensity for 
recurrences and the development of hemorrhage, obstruction and 
perforation. It is debatable whether duodenal and gastric ulcer disease 
are separate ‘entities, ‘or))*different’ manifestations “of “the Ysame 
process. This process of ulcer formation is associated with numerous 
pathophysiological abnormalities related to excess aggressive and 
inadequate defensive factors, but it is unclear whether these changes 


are of etiological significance. 


General Principles 

In the total assessment of the patient with peptic ulcer disease, 
it is helpful to enquire about their lifestyle, including the nature and 
hours of work, habits of eating, sleeping, smoking and drinking, their 
worries and concerns, their sources of relaxation and pleasure, their 
hopes and aspirations. Enquire about the use of drugs, especially 
previous use of and possible benefit from antacids, anticholinergics, 
and Hy blockers or cytoprotective agents. Most importantly, ask about 
the patient's use of aspirin or other over-the-counter drugs which may 
contain non-steroidal anti-inflammatory agents (NSAIA). 

In the management of the patient with a peptic ulcer, do not lose 
sight of the importance of the patient-physician relationship. The 
personality of the physician, his/her sympathy and understanding of the 
patient, and the patient's interpersonal relationships and current life 
Situation are all important. At a time when we question whether the 
healing of ulcers is due to potent new anti-ulcer medications, or the 


glass of water used to consume the pills, it may seem foreign to some 
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readers that this very empathy and caring demonstrated by the laying on 
of hands and the listening ear of the physician may provide the until 
recently unmatchable so-called "placebo" effect of healing of the hole 
in the lining of the stomach or duodenum. "When the patient realizes 
that the physician has a sympathetic and understanding appreciation of 
his problems, he(she) is more likely to accept graciously the advice 
which is offered relative to a readjustment of the various mental- 
environmental situations responsible in some measure for his illness" 
(66). 

In our world of the mid-80's, we may sometimes act as if the old 
should be discarded, not cherished, and the new alone is effective. 
Yet, caring and compassion must continue to play a major role in the 
care of these patients with chronic recurrent disease. Three general 
rules must prevail in our approach to a problem which at some point in 
the life of North Americans will affect about 10% of males and 5% of 
females: 

1. no acid, no ulcer - at least, not usually 

2. once an ulcer, always an ulcer - as long as the 

original diagnosis was correct 
3. not all dyspepsia is from an ulcer. 


Let us examine each of these guiding principles. 


No Acid, No Ulcer 

There are demographic and psychological characteristics which may 
or may not typify the usual patient with. peptic ulcer disease. There 
are numerous pathophysiological disturbances present in at least some 


patients with these gastric or duodenal lesions. This development of an 
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ulcer represents an imbalance between aggressive and defensive factors 
in the upper gastrointestinal tract. The aggressive factors relate to 
the presence of acid and pepsin in the gastric lumen or at the interface 
of the membrane and the luminal contents. The acid and pepsin are 
released for the purpose of beginning the digestion of food, and not for 
the digestion of the gastric or duodenal mucosa! Peptic ulcer disease 
is a heterogeneous group of disorders (448-450) with variable severity 
(149), and it would be incorrect to assume that the presence of 
excessive acid and pepsin necessarily represent etiological mechanisms 
(557). Some of these abnormalities may even prove to be the result 
rather than the cause of the disease (Table 1). Some of these 
disturbances may even be defensive, the body's attempt to achieve normal 
mucosal repair. Since peptic ulcer disease is most _ probably 
heterogeneous in etiology, as evident clinically (289,290,447), 
genetically (288,449,451), and pathophysiologically (197,284), no single 
factOmpeis, Likelyaitosdiscriminate ulcers that heal - or recur — on tail 
to heal - from those that do not. It would be helpful in the selection 
of therapy for a given patient, for the more optimal design of clinical 
trials, and for the better understanding of the basis of ulcer disease, 


to know what factors influence ulcer healing. 
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Table 1 
PATHOPHYSIOLOGICAL ABNORMALITIES IN DUODENAL ULCERATION 


There is evidence for/against 
these abnormalities being of 
etiological significance 


immelnecreasedubanrtetalecelsl: 
Mass 


2. Increased Sensitivity of 
Parietal Cells to Stimuli 


3. Increased Stimulation of 
Parietal Cells by Increased 
Circulating Gastrin 


4. Decreased Sensitivity of Parietal 
Cells to Inhibitory Factors 


5. Increased Numbers of Antral 
G-cells 


6. Reduced Acid-Inhibition of 
Gastrin Release 


7. Increased Secretion of 
Gastric Juice 


8. Rapid Emptying of Gastric 
Contents 


9. Decreased Acid-Stimulated 
Release of Secretin From 
Small Intestine 


10. Increased Threshold for 
Secretin Release 


ll. Decreased Secretion of 
Pancreatic Bicarbonate 


12. Increased Acidity in 
Duodenal Bulb 


13. Impaired Acid-Stimulated 
Duodenal Mucosal Synthesis 
of PG's 
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Let us consider the parietal cell and its role in the secretion of 
acid (Figure 1). Hy amtagonists and anticholinergic agents inhibit even 
basal acid secretion. This suggests that in the basal state the 
parietal cell is under both histaminic and cholinergic “tone”. Several 
lines of evidence indicate that the isolated canine parietal cell 
possesses specific receptors for histamine, acetylcholine, and for 
gastrin (488-495). Gastrin appears to directly stimulate the canine 
parietal cell by interacting with a specific receptor closely related to 
CCK (253). A three-way interaction may occur among histamine, carbachol 
and gastrin (44). The second messengers for the secretagogue action 
include cyclic AMP and calcium. Histamine stimulates cAMP production by 
parietal cells (98,495), whereas this is not the case for gastrin or 
carbachol. Cholinergic stimulation of parietal cell function is coupled 
to the enhanced influx of extracellular calcium (489). Stimulation of 
secretion by gastrin was not associated with calcium influx. 

Prostaglandin of the E, series inhibits cAMP production by isolated 
canine parietal cells, and by blocking histamine stimulation of parietal 
cell function, but does not inhibit the effects of either carbachol or 
gastrin (488,491). Histamine stimulation of cAMP is also inhibited by 
prostaglandins (491). Lanthanum, which blocks calcium fluxes across 
plasma membranes, inhibits cholinergic stimulation of parietal cell 
function. Atropine and Hy-receptor antagonists block gastrin-stimulated 
acid secretion by removing the potentiating effects of acetylcholine and 
histamine, respectively. Prostaglandin blocks cAMP formation, which is 
necessary for histamine to stimulate acid secretion. Thus prostaglandin 
eliminates the interaction between gastrin and histamine. Neither 
atropine nor metiamide alters the binding of gastrin to its receptor 
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Function Inhibitor 
Proton Pump Omeorazole 
H*+/K* ATPase 
Parietal Cell Activation Calcium Channel 
+ 
Cell Ca Antagonists 


ie. Verapamil 


Prostaglandin 


Acetylcholine 


Gastrin 


Receptors H2 Blocker 


Cimetidine 
Ranitidine 


Acetylycholine 
Muscarinic Blocker 


Non-selective 
1@, Atropine 


Selective 


LA | ie Pirenzeoine 


iN Gastrin Blocker 


Pp ' 
H» Receptor rogiumide 


Figure 1: Classification of Inhibitors of Parietal Cell Function 
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We need to know which of the many measures of acid secretion best 
describes the pathophysiologic role of acid: basal or stimluated 
secretion, and stimulated with what- food, sham feeding, histamine or 
pentagastrin? And is the critical factor for mucosal damage acid 
concentration, volume or output? is#tit! ¥atimattern@orettimemandmacid 
concentration, i.e. the area under the acid-output curve? Is it the 
acid present in the stomach which is important in duodenal ulcer 
disease, or more likely the acid present in the duodenal bulb? Is it 
the amount of acid after meals which must be suppressed or the acid 
present overnight? Why do ulcers commonly occur in the duodenal bulb, 
pyloric channel or gastric antrum? Why do they tend to recur at the 
same site? Is there a single insult, or many small events which 
culminate in an ulcer? These questions are currently unanswered. 

True, some patients with duodenal ulcers may secrete excessive 
volumes of hydrochloric acid. Some patients with gastric ulcers may 
secrete normal rather than low amounts of acid (199,559) and there is 
considerable overlap in the individual values within patient groups. 
However, the 24-hour intragastric pH is similar in asymptomatic normal 
volunteers, gastric ulcer (GU) and duodenal ulcer (DU) patients (332). 
An ulcer likely begins as a defect in the mucosa i.e. an erosion, which 
later extends beyond the muscularis mucosa to form an ulcer. However, 
initially the concentration of acid at a given point in the membrane is 
no different in health and disease. Indeed, if a biopsy is taken at the 
time of endoscopy in a patient with a duodenal ulcer, the mucosa quickly 
heals. A chronic ulcer does not form, possibly because the mucosal 
defense and repair mechanisms are intact. The propensity for the MAO to 


decline in DU patients after ulcer healing raises the prospect that the 
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elevation of hydrochloric acid volumes or secretory rates may be, at 
least in part, the result and not solely the cause of ulceration. 
Nonetheless, even if acid only plays a permissive role, most clinical 
scientists would support the time-honoured dogma of "no acid, no 
ulcer". Regardless of the role that anxiety and frustration may play in 
enhancing acid secretion, or more importantly, in heightening the 
symptomatic response to the ulcer pain, acid must play some leading role 


in this drama of gastric and duodenal ulceration. 


Once an Ulcer, Always an Ulcer 

Gastric ulcers, like duodenal ulcers, tend to recur (208). Benign 
recurrent ulcers may heal as readily as did the index ulcer (315). If 
malignant degeneration of a previously benign gastric ulcer does occur, 
it must be rare (343). To the patient, it is important to avoid 
recurrent bouts of pain, and serious ulcer-related complications such as 
bleeding, perforation, or gastric outlet obstruction. But ulcers come 
and go, and in view of the repeated observation that about one patient 
in three will have an asymptomatic recurrence of ulcer per year, then 
these patients likely have many unnoticed recurrences over their 
lifespan. We do not yet know whether preventing the asymptomatic - as 
well maseethesssymptomatic gq. recurrences) does gein | ifact sipreventmgthe 
development of major complications. Indeed, most experienced clinicians 
have seen DU patients present with an upper gastrointestinal hemorrhage 
while they are on maintenance anti-ulcer therapy. 

The cause or causes of peptic ulcer are not known, nor have the 
causes of ulcer relapse been established. Factors leading up to the 


initial development of the disease may not be the same as those leading 
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to a relapse. Early relapse after healing may be associated with high 
acid output (458,510). Several studies reported more relapses inthe patients 
with a longeri-history of disease (26,145,200,338,344,458,459,510), or 
with smoking (496). In one study, ulcer recurrence was more common in 
patients using a low fiber diet (462). Thus, in this era of fast foods, 
quick riches and instant everything, the patient may expect and demand 
rapid relief of pain and a permanent cure of the ulcer. Just as factors 
in life-style must be stressed, so also is it important for the 
physician to emphasize to the patient that the ulcer will recur, not 
through some shameful defect in the patient or the physician, but rather 
simply because that's the way it is - in most patients, ulcers recur. 
Equally, the patient must be reassured that each episode of pain may be 
successfully treated, that the risk of complications may be relatively 
small, and that there is a promise that the natural history of the 
ulcers to recur may be modified somewhat by exercising acceptance of 
some prudent, albeit not totally proven measures (Table 2) as well as by 
taking effective maintenance medications. 

A small proportion of patients may suffer only a single attack of 
symptomatic ulceration, but most patients with a duodenal or gastric 
ulcer will relapse, with an annual recurrence rate of about 75% (417) 
and a 10-year risk of potentially serious complications (bleeding 
requiring a transfusion, perforation or obstruction) of 11% (149) and a 
20% life-long risk of complications (69). Complication rates were about 
2.7% per year for those with no prior complication, and about 5% per 
year for those with a prior complication. Thus, stress the positive to 
the patient: an ulcer program is intended to relieve symptoms, heal the 


ulcer, and thereby prevent complications. No, ulcer programs do not 
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cure the ulcer disease, do not permanently alter the natural history of 


the disease, but only heal the ulcer at one point in time. 


Table 2 


FACTORS POSSIBLY IMPORTANT 
IN ULCER RECURRENCE 


1. SMOKING 
2. LONG PAST HISTORY 
3. HIGH ACID OUTPUT 


4. LOW FIBER DIET 


Not all Dyspepsia is From an Ulcer 

It should be recognized that there are as many causes of chronic 
recurrent food-related epigastric pain (357,371) as there are 
definitions of dyspepsia (528). While certain characteristics of the 
pain may suggest ulcer disease (Table 3), it must be stressed that about 
Half of patients with dyspepsia will have an) ulcer) (193520352215 551), 


and half of patients with an ulcer will have dyspepsia (371,425). 


rita ip edeves ynes) Ae a6 orld ses ‘boatngooes of L we 
“=e as 

re. neh. aiea “obspesaage deanterboo? 
he — 


ee | grea” ag 


= 
“3 Ph esl eatweiowtans anes eitan ose) 
wie bb 42 | 


puods sF4) boeaanay ad swe AE stdetY onanar reohn sesso wl 8 
is pre 7 : 


> 


254 


Table 3 


COMMON CHARACTERISTICS OF PAIN DUE TO PEPTIC ULCER 


1. USUALLY LAST ONLY A FEW HOURS 

2. TEND TO OCCUR DAILY FOR SEVERAL DAYS, WITH FREEDOM © 
FROM SEVERE SYMPTOMS FOR SEVERAL WEEKS OR MONTHS 

3. ARE FREQUENTLY NOCTURNAL 


4. ARE OFTEN RELIEVED BY ANTACIDS 


The most common functional overlay in the patient with ulcer 
disease is aerophagy. Persisting epigastric pain plus anorexia and 
weight loss should raise the concern of the presence of gastric 
cancer. Thus, each recurrence of symptoms in a patient with a long past 
history of acid-pepsin disease must be reassessed as to its nature and 
basis. 

It must be recognized that duodenal and gastric ulcers often heal 
within a month without the addition of therapeutic agents. These 
placebo-healing rates vary widely, from 0% in Italy to 79% in U.S.A. and 
West Germany (131). These differences from country to country and from 
study to study within a country may be influenced by demographic, life- 
style and physiological factors which might affect ulcer healing and 
recurrence. Also, study design may influence placebo healing rates, 
such as the concurrent use of antacids or non-steroidal anti- 
inflammatory agents, and the different criteria used for definition of 
healing. 

The prognosticators for ulcer healing are shown in Table 4. Past 


attempts to identify the healing factors can be criticized as not 
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composite and comprehensive in approach (285). The adverse effect of 
cigarette smoking is generally accepted; acid secretion, sex and age 
have been’ controversial; and alcohol appears to be possibly 
unfavourable. In the discriminant analysis of Lam and Koo (285), 
individual analysis using stringent statistical criteria identified only 
two pertinent factors: cigarette smoking, including the quantity of 
cigarettes consumed, and ulcer size, both their diameter and depth. Two 
acid-related physiological measurements were identified to be of 
discriminant value in cimetidine-treated patients; these were the 
fasting serum gastrin concentration and the Dsq of the pentagastrin 
dose-response test, which measures the parietal cell sensitivity to 
pentagastrin. 
Table 4 


PROGNOSTICATORS OF ULCER HEALING 


1. MALE SEX (32,340,344 ,348,374,377,405,408, 496,548) 
2. SMOKING (242,287,348,496) 
3. LONG PAST HISTORY 

longersuistobys otgulcer, (32,55,28/,3 38), 240,374,577.) 
4. SEVERE PAIN (348) 
5. ACID HYPERSECRETION (either BAO or MAO) 

(505222 5201,,240, 408) 

SUL CER So LZR (2o0) 
7. FASTING GASTRIN QONCENTRATION (285) 
Ss Dso OF PENTAGASTRIN DOSE RESPONSE (285) 
9. ALCOHOL CONSUMPTION (285) 
10. BA PAIN (285) 
11. PAST HISTORY OF BLEEDING (285) 


Curiously, the lower the fasting serum gastrin concentration, and the 


more sensitive the patient is to pentagastrin, the smaller is the chance 
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of healing with cimetidine treatment. This discriminant analysis also 
identified ulcer diameter, late onset disease and body weight, analgesic 
consumption and neurosis, to be of discriminant value as factors 
unfavourable to healing by cimetidine. In the placebo-treated group, 
back pain, previous gastrointestinal bleeding, and alcohol consumption 
were selected as factors unfavourable to healing. These possible 
prognosticators are important, since clinical trials do not usually 
randomize separately for these factors which may be associated with a 
poor clinical response. Secondly, the failure of a therapeutic regimen 
to result in healing within a given study period may relat to the 
uncontrolled and adversely interacting influence of one or more factors 
which retard the natural tendency of many patients to heal their 
ulcer. Finally, let us examine the potential benefit of altering the 


patient's life style on ulcer healing. 


Prudent Approaches to Lifestyle 
Let us examine the benefit of altering the patient's lifestyle on 


ulcer healing (Table 5). 
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Table 5 


PRUDENT APPROACHES TO LIFE STYLE 
IN ULCER HEALING AND PREVENTION OF 
RECURRENT SYMPTOMS OR ULCERATION 
ioe FOOD 
a) eat three nutritionally balanced meals a day 
b) if pain occurs between meals and a snack helps, then 
welcome that help 
c) unless a given food makes your pain worse, don't 
otherwise purposely avoid any food substance 
d) unless normal-sized meals cause a bloated or full 
feeling, there is no special need to ritualistically 
consume six small meals a day 
e) foods which seem to increase epigastric discomfort 


in individual patients should be avoided 


2. BEVERAGES 
a) Milk - if pain is relieved by small amounts of milk, 
then enjoy that relief 
b) Coffee, tea, juices and alcohol - take in moderation 


and avoid only if these fluids aggravate symptoms 


3. SMOKING - stop smoking if at all possible 


4. ACTIVITY - a reasonable exercise program for purposes of 
general well-being - avoid sedatives unless 
clearly indicated for health-related purposes 


other than dyspepsia or ulcer disease. 


5. DRUGS - avoid aspirin, ASA-containing drugs, NSAIA and 


steroids 
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1... FOOD 
The discussion of the role of diet in the management of patients 
with peptic ulcer disease required over 20% of the length of the chapter 
devoted to this subject in the last edition of Bockus' textbook of 
gastroenterology (62), whereas Soll and Isenberg (494) dismissed this 
form of therapy in half a page in Sleisenger and Fordtran's Third 
Edition of Gastrointestinal Disease. There are four points to take home 
about diet manipulation in patients with peptic ulcer disease (Table 6): 
Table 6 
TAKE HOME POINTS ABOUT DIET MANIPULATION 
IN PATIENTS WITH PEPTIC ULCER DISEASE 
DIETS: 
1. do not heal ulcers 
2. may improve symptoms 
3. may cause adverse effects 
4. may play a role in the prevention of ulcer 
recurrence 
Distension of the gastric antrum may stimulate acid secretion, but 
food may buffer acid. Frequent small meals used to be advised for ulcer 
patients, on the rational basis that acid secretion would be stimulated 
more frequently but less powerfully. However, in DU patients, the 
intragastric pH is not influenced by meals of different sizes and 
protein content, taken at different times of the day (331), and the mean 
acidity throughout the day is similar in DU patients fed two- and four- 
hourly (13). 
Bland diets, milk therapy, or frequent feedings do not benefit the 


healing of peptic ulcers (86,135,298,302,535). The bland diet may play 
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even a lesser role in the maintenance of the nutritional well-being of 
the patient. An appealing diet is necessary. Take into account the 
patient's life-style, eating habits, and food preferences. Of more 
importance than the nature of the diet, is the frequency of eating. 
Many patients with a DU will note that consuming frequent meals provides 
good relief of symptoms, whereas some patients with a GU who have food- 
aggravated pain will note that frequent small meals are of little 
benefit. In addition to stimulating acid secretion (164), food does 
butfergeactd andcsinkéact# the sintragastric) pH rrisessidee-srthes castric 


contents become more alkaline) after meals and snacks (328-332). The 


composition gofiicthel) diet grP-ietotallietcalories\(omor “the traticawor 
nitrogen/calories/fats - has little effect on the intragastric pH 
(303) - The evidence that spicy food stimulates excess acid secretion 


is inconclusive (463,467). 

Just as some older major reviews of the management of peptic ulcer 
disease have stressed the importance of diet in the treatment of ulcer 
disease, some older patients will consider their physician to be remiss 
if a diet is not prescribed. Indeed, some patients will have noted that 
certain foods aggravate their dyspepsia. Consider such foods as coffee, 
alcohol, pop, orange juice, spicy foods, chocolate, and fatty foods. 
But surely these patients are teaching us a lesson in physiology. Foods 
_in general stimulate acid secretion. Orange juice and pop are acidic 
(160% Chocolate may relax the lower esophageal sphincter, accentuate 
gastroesophageal reflux, and result in dyspepsia which is not so much 


due to the ulcer, but to acid regurgitation in the esophagus. 
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2. Beverages 

a) Milk 

Miliceeis- a, “pooresneutralizer’ sof “‘eastrich acid™ (565150, 2416407 pe 
Indeed, milk may stimulate acid secretion (241), possibly due to gastrin 
release or to direct stimulation of parietal cells by the protein and 
calcium in milk. Removal of calcium from milk prevents the increase in 
acid secretion in normal subjects but not in patients with a duodenal 
ulcer. The ingestion of large amounts of milk may be associated with 
the now-rare milk-alkali syndrome (356), and with atherosclerosis (468). 

Milk has never been shown in a clinical trial, to be effective for 
the healing of ulcers, or for the relief of symptoms. Yet generations 
of patients have given testimony to their observation that milk helps 
their dyspepsia. Do our physiological observations create a heresy? 
Not necessarily so. Our patient's observations should humble us in the 
art of medicine, in the realization that milk may offer some benefit 
when taken in moderation and in conjunction with other therapeutic 
approaches, in the relief of pain. Indeed, in some studies, a $100 
course of anti-ulcer therapy does no better than placebo in the relief 
of the patient's symptoms. "Regardless of whether its effect is 
symbolic, sacramental, or possibly physiologic, it [milk] does the job” 


(503). 


b) Coffee, tea, juices and alcohol 

Coffee, tea and caffeine may increase acid secretion (536), and 
both regular and decaffeinated coffee stimulate acid secretion (105). 
Epidemiological data have shown that coffee consumption is probably not 


associated with the development of peptic ulcer disease (168). Tea is a 
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potent: stimulant of gastric acid secretion (144). Among’ the 
constituents of the brewing of tea that might stimulate acid secretion 
are caffeine and theophylline. The evidence that fruit juices result in 
excessive acid secretion is inconclusive, (463,467). 

Recent studies have shown that the direct effect of ethanol on the 
gastric mucosa under acute conditions is inhibition, not stimulation 
(111). There is no data on the effect of chronic ethanol ingestion on 
acid secretion in man, but in the rat chronic ethanol intake results in 
higher acid outputs following acute exposure to intravenous or 
intragastric ethanol, or in vitro exposure to mucosal ethanol as 
compared to studies using matched control rats (279). Serum gastrin 
levels were not significantly affected by ethanol. Furthermore, there 
is no evidence that the use of alcohol is associated with an increased 
frequency of duodenal or gastric ulcer except possibly in patients with 
cirrhosis (410). However, during the acute exacerbation of an ulcer, 
some patients will complain of coffee- or alcohol-related worsening of 
their pain. Under this circumstance, these beverages should be 
temporarily avoided. It is debatable whether intermittent and moderate 
use of ethanol alters gastric acid secretion, and no open-and-shut case 
can be made for prohibiting the occasional drink. It goes without 
saying that the best advice must always include the counsel to avoid 
overdrinking. Coffee, for some, like alcohol for others, is a vehicle 
for social interaction and relaxation, and there is no need to recommend 
total abstinence from coffee. Rather, moderation, like the middle of 


the road, continues to be the best place to travel. 
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3. Smoking 

Cigarette smoking is associated with an increased incidence of 
duodenal ulcer and with decreased healing rates (134,168,210,251, 
25959725402), 4085409 55475554)" A British study found similar healing 
rates of duodenal ulcers in smokers and nonsmokers who were treated with 
cimetidine (2), while in an Australian study (277) 95% of nonsmokers 
healed their DU on cimetidine, ranitidine or oxmetidine, compared with 
only 63% of smokers. This difference was statistically significant. 
There was also a positive correlation aie the failure to heal the 
patient's ulcer, and the number of cigarettes smoked. Furthermore, 
during a 12-month follow-up examination after healing and on no 
treatment, 53% of nonsmokers and 84% of smokers relapsed. Again these 
differences were highly significant. A second recent study also 
suggested that smoking increases the likelihood of relapse in duodenal 
ulcer after successful healing (496). 

The mechanism of this effect is unclear (168). Nicotine has only a 
minor effect on acid secretion (547,554), but nicotine does depress the 
pancreatic output of bicarbonate (88). There is no evidence that 
smoking is a factor in the pathogenesis of GU, and the evidence that 
smoking affects the healing rate of GU is controversial (134,218). 
However, considering all the many major adverse effects of cigarette 
smoking on the patient's general health, and the possible or probable 
adverse effects of smoking on ulcer occurrence, healing and recurrence, 


it is prudent to advise patients to stop smoking. 


4. Activity: Rest and Sedation 


Two older studies suggested that hospitalization is associated with 
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an increased healing rate of GU (137,218). However, the high cost of 
hospitalization has almost ended the practice of bringing patients with 
uncomplicated duodenal ulcers into the hospital for bed rest. Yet, the 
exception of course proves the rule, and some patients require this step 
- almost as a last resort before gastric surgery - to remove them from 
those so-important yet so poorly defined factors which result in the 
imbalance between aggressive and defensive factors, and precipitate the 
development of the ulcer. In the total approach to the patient, one 
needs to remind the individual that moderate amounts of activity are 
helpful adjuncts to a healthy life-style. This need for a balanced 
lifestyle is good advice, quite apart from any - as yet unproven - 
effect of activity on acid secretion, or ulcer healing and recurrence. 

Sedatives 

"A patient may be proud or ashamed of his duodenal ulcer” (503). 
While PUD is not caused by stress, feelings of anger or frustration may 
lower the patient's threshold for pain and raise the possibility of an 
ulcer recurrence. Perhaps more important than the use of sedatives is 
the use of time-honoured psychotherapy of the benefit of an 
understanding, supportive and encouraging role of the patient-physician 
relationship. Thus, sedatives, tranquilizers, or mood-altering drugs 
should not be given unless there is some reason other than the ulcer for 
their use in a given patient. 
>. Drugs 

Numerous observations all testify to the potential harmful nature 
of aspirin and ASA-like compounds in patients with gastric ulcers, as 
well as a generalized injurious effect of nonsteroidal anti-inflammatory 


agents on the upper gastrointestinal tract of persons who do not give a 
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history of a previous ulcer diathesis (294,406). At least one third of 
ulcer patients develop dyspepsia following the ingestion of aspirin, 
aspirin-containing products, and other non-steroidal anti-inflammatory 
agents. The chronic ingestion of aspirin possibly leads to the 
formation of a gastric ulcer in a small number of chronic users 
(89,94,142). Chronic ulcer symptoms and/or disease may be more common 
in patients with rheumatoid disease, but it is unclear whether this is 
related to the underlying collagen-vascular disease. No similar 
association has been shown for duodenal ulcer or for duodenal 
bleeding. However, lack of proof does not prove that an-association may 
not exist. It is unclear whether ASA actually causes ulcers de novo or 
causes ulcer recurrence in a person with ulcer diathesis. It is also 
unclear whether the commonly recognized ASA-related bleeding (358,521) 
is more often from the development of erosive gastritis, or the 
initation of bleeding from a pre-existing ulcer. It is' also unclear 
whether adaptive cytoprotection occurs in a person chronically consuming 
ASA. Large total doses of adrenal corticosteroids may not necessarily 
lead to an increased incidence of gastric or duodenal ulcers (110). 
There is no evidence for or against the idea that use of the usual doses 
of antacids, Hz blockers or sucralfate will reduce the risk of an ulcer 
developing in the patient who requires steroids or NSAIA's. Therefore, 
restriction of aspirin, NSAIA and steroid intake is prudent in the 


patient with known ulcer disease. 


DRUGS USED FOR THE TREATMENT OF ACID-PEPSIN DISORDERS 


Some double-blind endoscopically controlled clinical trials have 
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established that numerous pharmacological agents are better than placebo 
in accelerating ulcer healing. The classification of these medications 
is based upon their site of action on acid secretion. In North America, 
the medications which are available for the treatment of acid-pepsin 
disorders include the Ho-receptor antagonists (cimetidine, ranitidine), 
anticholinergics, sucralfate, and antacids. Other effective agents are 
available in other parts of the world, and include the anti-gastrin 
proglumide, the antidepressant trimipramine, as well as carbenoxolone 
and TDB. Synthetic prostaglandins such as misoprostol and enprostil may 
be available in the near future for the effective and safe treatment of 


acid-pepsin disorders. 
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Table 


CLASSIFICATION OF THERAPEUTIC AGENTS USED IN THE 
TREATMENT OF ACID-PEPSIN DISORDERS 


NEUTRALIZATION Antacids 

|CYLOPROTECIION™ Prostaglandins 
Sucralfate 
Carbenoxolone 


TDB 


Ht/Kt ATPase Omeprazole 
CYCLIC AMP Prostaglandins 


CALCIUM CHANNEL BLOCKERS Verapamil 
RECEPTORS Ho Cimetidine 
Ranitidine 
Conventional Anticholinergic 
Drugs 
Antimuscarinic-Pirenzepine 


Gastrin Proglumide 


CNS Sedatives 
Antidepressants 


Ho-Receptor Antagonists 


a) Cimetidine 

With the thought and act of eating, both acid and gastrin are 
released. The volume of acid rises, and the pH of the gastric contents 
also rises, by: about 2 units (328-332). The serum gastrin concentration 
initially rises, then falls. The serum gastrin concentration may be 
reduced by antral acidification, but the association is not a close 
one. The buffering effect of food “is important,” both ~in (terms of 
neutralizing acid and in terms of buffering or breaking continued 
gastrin release. 

Cimetidine is a competitive antagonist of histamine's action at the 
Hy Yeceptors. It/sdnhibits gastric acid: output,» volume Wand!’ piyein 


response to all known stimulants of acid secretion (190). Theseus 
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blocker cimetidine retains the imidazole ring of histamine, but has a 
modified cyanoguanidine side chain. However, the ring structure is not 
obligatory for H, blockage, since ranitidine, a highly potent Ho 
blocker, has a furan ring. The action of cimetidine may be prolonged if 
it is taken with food (435), but there is no close correlation between 
blood levels of cimetidine and the pH of the gastric contents (331) 
Cimetidine reduces the output of basal and stimulated acid and pepsin 
secretion in normal healthy subjects, as well as in gastric and duodenal 
ulcer patients (332). The absorption of cimetidine from. the 
gastrointestinal tract is good, with peak plasma concentration occurring 
approximately 90 minutes after oral administration (431). The half-life 
of cimetidine in blood is about two hours. Systemic bioavailability is 
approximately 70% with cimetdine and 504 with ranitidine. Both drugs 
demonstrate biexponential elimination curves from the plasma after 
intravenous administration and a bimodal curve after oral 
administration, which is probably the result of enterohepatic 
circulation. This bimodal peak may not be seen after four- or two-times 
a day dosing (331). The elimination half-lives of cimetidine and 
Tanitidine are 1.7-2.1°:hours “and 231-31 “hours, “respectively,s = with 
apparent ‘volumes™ of **distribution »§ approximately ~50 "UY and 79/57 
respectively. Both drugs are eliminated, largely unchanged, via the 
kidneys. 

The half-life of cimetidine is reduced in patients with severe 
liver disease (545), and in patients with renal insufficiency, the half- 
life of cimetidine in blood is prolonged. It has been suggested that 
the dose of cimetidine be decreased in these patients, and that dialysis 


patients should receive their dose of cimetidine after rather than 
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before their hemodialysis. However, the effect of varying doses of 
cimetidine on gastric acidity in patients with renal insufficiency has 
not yet been reported, so that this suggestion of the need to adjust the 
plasma concentration of cimetidine must be made with caution. This is 
of particular interest since the plasma gastrin levels are ‘high in 
patients with renal failure, since any excess cimetidine is removed by 
dialysis and since there is a poor correlation between plasma levels of 
cimetidine and the pH of the gastric contents in patients with duodenal 
ulcers without renal insufficiency. 

Cimetidine and metiamide markedly reduce basal and nocturnal acid 
secretion (216,230,324,334,367), yet less than 30% of the overnight pH 
values will be greater than 3.5 (331). Cimetidine inhibits acid 
secretion <in...response »to all. known, gastricy%stimulants; 4 but, most 
importantly, cimetidine reduces the gastric secretory response to food 
(216,331,434,435). With cimetidine 0.8-1.6g/day bid taken by mouth by 
patients with DU, about 20% and 40% respectively of the pH values are 
equal to or greater than 3.5 (331). 

Cimetidine partially restores gastric secretion, where elevated, 
towards normal. That is, in the DU patient who is a “hypersecretor"™ in 
response to pentagastrin, histamine, or to food, the amount of acid 
secreted per unit time (mmol/hr) is returned towards normal levels. In 
contrast, most DU patients have the same concentrations of acid in their 
stomach - around the clock, after meals and during sleep - as do 
patients with gastric ulcers, gastroesophageal reflux disease, and 
indeed as do healthy volunteers. In these non-hypersecretors, the 
concentrations of acid are reduced following Hy blockers to normal 


levels. This opens for discussion the second dilemma: how much acid 
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inhibition is necessary for the relief of pain, and for ulcer healing? 
Until this question is satisfactorily resolved, there is little major 
implication which can be drawn from comparisons of the relative acid 
inhibitory effect of these various receptor antagonists. For example, 
relatively weak anti-secretory prostaglandins accelerate ulcer healing 
at rates comparable with the most potent anti-secretory agents (73). 

After chronic cimetidine therapy, gastric acid secretion is not 
enhanced. That is, there is no evidence of acid rebound following a 
course of cimetidine. Animal studies have shown that there is no change 
in the parietal cell mass after 12 months of cimetidine treatment 
(304). Indeed, in duodenal ulcer patients, both the mean peak acid 
output and the mean maximal acid output were 25% lower after three 
months of therapy with 1.6 g cimetidine daily (497,498). This suggests 
that there may even be a decrease in the parietal cell mass after 
prolonged use of cimetidine (79). 

The fasting serum gastrin concentration is probably unaffected by 
cimetidine, but the food-stimulated gastrin-response is greater than in 
patients not taking cimetidine (323,331,420,432,434,435). This high 
gastrin-response in patients taking cimetidine is related only in part 
to the reduced acid-inhibition of gastric secretion. In patients with 
DU, cimetidine does not affect the rate of gastric emptying or of 
pancreatic enzyme output after meals (323,434,435). 

The clinical significance of these acute changes in post-prandial 
gastrin concentration are obscure. The effect of cimetidine to increase 
serum gastrin levels may be partially due to the elevation of 
intragastric pH (432,434,435). When the degree of acid inhibition was 


comparable in response to food in patients given cimetidine or a 
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synthetic prostaglandin (330), or in response to histamine-stimulated 
acid secretion in rats given cimetidine or YM-11170, a new chemically 
distinct H»-receptor antagonist (397), the serum gastrin responses to 
food were significantly greater with cimetidine. This suggests that the 
increase in serum gastrin levels by cimetidine is not due just to the 
chemical nature of the antisecretory agent or to the elevation of 
intragastric! pH,,) but sisaiprobably.~ due, in, -part,»to.ea direct, effect, .of 
cimetidine on the release of gastrin. Of importance, basal and 
stimulated gastrin levels did not change after three months' treatment 
with cimetidine (497,498). 

Cimetidine is no better than placebo in the relief of pain in 
patients with GU (534), and is equivalent to antacid in the immediate 
relief. of. pain. In patients with DU, cimetidine is equivalent to or 
possibly better than placebo to relieve daytime and nighttime pain 
@4,164,7.138)190), 223.) 

Cimetidine, 1.0-1.2 g/day for 4-6 weeks, is useful to heal GU 
GG: 41.69 8244 479,534). Similarly, cimetidine 0.8-1.6 g/day for 4-6 
weeks, is effective in the endoscopically-proven healing of DU 
G27 ems d544.00),64,188,1895190, 2209223 ,478:). In the United States, 
cimetidine is significantly more effective than placebo in the healing 
of duodenal ulcers at two weeks, and at all time periods in Europe 
(190,194). The striking disparity is between the American and the 
European placebo-healing rates. Bardhan (26-32) has reviewed 20 double- 
blind placebo-controlled studies of duodenal ulcer healing, and has 
found that cimetidine significantly increased the percentage of duodenal 
ulcers healed (75%) compared to placebo treatment (38%) in 4 to 12 


weeks. In the one reported blinded trial of cimetidine in the treatment 
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of gastric ulcer, 69% of patients taking cimetidine healed in 4 weeks, 
whereas in the placebo group, 37% healed within the same time period. 

It must be stressed that widely different rates of ulcer healing 
have been reported: after a four week course of cimetidine, healing 
Yates range from’ 597 tto s85Zefor® DU. (54,60, 64,151) 188,189 $2205 242,476)5 
and from 69% to 83% for GU (4,16,98,129,148, 167,169,233,244,479). The 
literature includes numerous possible explanations for the different 
healing rates: variations in dose, or therapeutic regimen, concomitant 
use of antacids, poor patient compliance, hypersecretory states, pyloric 
stenosis, interaction with other drugs, smoking) "@alecohol yee and 
ideopathic, i.e. “slow healers” (30,60,64,187-189,220;223,496). © Also, 
the placebo-healing rate varies widely, and the explanation for this 
phenomenon remains unclear. 

Cimetidine 600 mg bid is as effective as 300 mg qid in accelerating 
duodenal ulcer healing and relieving pain (393). Cimetidine given as a 
single nocturnal dose of 800 mg is at least as effective as cimetidine, 
400 mg bid, in prompting the healing and alleviating duodenal ulcer 
symptoms (124). Also, cimetidine, 300-400 mg at nighttime, is effective 
in preventing ulcer recurrence (396). No increase in ulcer recurrence 
rate was noted in patients who initially healed with cimetidine or 
placebo. Indeed, cimetidine may reduce the frequency of relapse after DU 
healing (31). 

While cimetidine is clearly indicated for the treatment of DU and 
GU, as well as gastroesophageal reflux disease, there is widespread and 
occasionally indiscriminate use of cimetidine (471). However, many 
patients with chronic ulcer disease will have frequent recurrences of 


symptoms, and it may be argued that the use of Hy-blockers may be 
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appropriate in this setting, without performing frequently repeated 
endoscopies. 

b) Ranitidine 

Ranitidine has a furan ring in place of the imidazole ring of 
cimetidine. Ranitidine is at least twice as effective as cimetidine 
against basal- and gastrin-stimulated acid secretion, on a weight-for- 
weight basis. Twenty-four hour intragastric acidity and nocturnal acid 
output were measured in 12 patients with chronic duodenal ulcer disease 
(184). Ranitidine 150 mg bid or 300 mg nocte, was significantly more 
effective at decreasing intragastric acidity and nocturnal acid output 
than cimetidine 400 mg bid or 300 mg nocte. There was no difference 
between twice daily ranitidine and nighttime ranitidine, or between 
twice daily cimetidine and nighttime cimetidine, in the reduction of 
intragastric acidity. 

In the United States, a large multicentre trial demonstrated the 
superiority of ranitidine plus antacid over placebo plus antacid in the 
healing of duodenal ulcers after 2 or 4 weeks of treatment (224). 
Numerous other international studies have also confirmed the accelerated 
rate of healing of gastric and duodenal ulcers. With ranitidine, the 4- 
week healing rate for GU varies from 63-86%, and from /1-90% for DU 
(CAMs 

A European multicenter study comparing ranitidine and cimetidine in 
292 patients with gastric ulcer revealed similar healing rates at 4- 
(69% and 59%, respectively) and 8-weeks (90% and 88%, respectively) 
(36). Approximately similar 4- and 8-week healing rates for gastric 
ulcer using ranitidine and cimetidine were reported in an Australian 


study including 44 outpatients with endoscopically proven lesions 
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(264). 

A recent study performed on 109 patients with endoscopically proven 
DU were prospectively randomized double-blind to receive ranitidine 150 
mg bid or 300 mg before bedtime. After four weeks on ranitidine, 84% 
healed on the bid regimen, and 95% healed on 300 mg nocte (106). Thus, 
ranitidine 300 mg administered as a single nighttime dose for the 
treatment of duodenal ulceration, is at least as good as, and probably 
better than the conventional 150 mg bid. An Italian multicentre study 
has confirmed the benefit of this simplified once-a-day dosage regimen 
(130). 

Not all ulcers heal with cimetidine, and patients are now appearing 
who are resistant to healing and to suppression of acid secretion 
(268). There have been three reports of ranitidine healing cimetidine 
resistant ulcers after 4-8 weeks of therapy (82,370), with healing rates 
varying from 50-83%. Thus, ranitidine, 150 mg twice daily, increases 
the rate of healing of duodenal and gastric ulcers in about 90% of 
patients treated for up to two months. Ulcers resistant to ranitidine 
treatment are uncommon and ranitidine heals ulcers resistant to other 
drugs, e.g. cimetidine (71). 

The decision to use ranitidine or cimetidine remains controversial 
CS L023 5 21)". Major differences between these agents are found in 
cimetidine's biological activity at sites other than the gastric H)- 
receptors, resulting in adverse events, the greater convenience of the 
once or twice a day dosing with ranitidine, and the lower rate of 


breakthrough ulceration in patients on ranitidine versus cimetidine 


maintenance (Table 8). 
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Table 8 
POTENTIAL ADVANTAGES OF RANITIDINE VERSUS CIMETIDINE 
1. ADVERSE EVENT PROFILE, ESPECIALLY LACK OF 
DRUG INTERACTION 
2.  OONVENIENCE OF ONCE- OR TWICE-A-DAY THERAPEUTIC 
REG IMEN 
3. LOWER RATE OF BREAKTHROUGH ULCERATION WHILE ON 
MAINTENANCE THERAPY 
In summary, the Hy receptor antagonists represent the gold standard 
for the treatment of peptic ulcer disease. Ranitidine has several 
potential advantages over cimetidine which may prove to be sufficient 
reason for ranitidine to be the Hy blocker of choice. 
Adverse Event Profile of H, Receptor Antagonists 
About 30% of patients taking placebo for the treatment of peptic 
ulcer disease will have minor side effects, and the same minor and 
insignificant side effects may occur with the H, blockers. Worldwide, 
pre- and post-marketing surveillance has shown cimetidine to be a safe 
medication (354), a point which must be stressed when considering the 
totally disproportionate degree of interest shown in the rare side 


effects. These side effects are summarized in Table 9. 
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Table 9 


SIDE EFFECTS OF CIMETIDINE (McGuigan, 1981) 


CNS 


Hematological 


Endocrine 


Liver 


Kidney 


mental confusion, somnolence, lethargy, 
restlessness, disorientation, agitation, 
hallucinations, twitching, seizures, 
flushing, unresponsiveness and apnea; 
more common in young and old, and in 
patients with impaired hepatic and renal 


function 


bradycardia 


neutropenia 


immune response 


antiandrogen effects: gynecomastia, loss of 


libido, impotence, reduction in sperm count 


hyperprolactinemia: 


galactorrhea 


mild and reversible elevations in serum trans- 


aminase levels 


adverse drug-drug interactions 


-mild elevations in serum creatinine 
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Indeed, cimetidine has an enviable record of clinical safety, 
despite the litany of potential and actual side effects. In a small 
number of cases, cimetidine has been found to cause granulocytopenia, 
gynecomastia, transient male sterility, mental confusion, and adverse 
drug-drug interactions (354). 

Cimetidine crosses the blood-brain barrier, and this is presumably 
the basis for the mental confusion, sleepiness, or mood changes which 
have been reported, particularly in older people with impaired renal 
function, (4/73). This adverse event is very much less common with 
ranitidine than with cimetidine. Cimetidine is known to modulate the 
immune response by decreasing T-lymphocyte function via blockage of Hp» 
receptors (12,442). The rise in serum creatinine is of questionable 
clinical significance except in the patient with renal failure. 
Ranitidine does not affect the WBC and does not alter renal function. 

Of importance, cimetidine, but not ranitidine, interacts with the 
hepatic microsomal enzyme systems, thereby reducing the activity of 
these systems and altering the clearance and enhancing the toxicity of 
many drugs such as theophylline, warfarin, propranolol and diazepam 
(127,248, 269,426). The degree to which cimetidine decreases drug 
clearance is dependent upon the fraction of drug eliminated by the 
inhibited metabolic rates, the route of administration for high hepatic 
extraction drugs, and individual patient characteristics (422). 
Ranitidine has a very low binding affinity for cytochrome P-450, and at 
therapeutic doses does not decrease the clearance of those drugs which 
are affected by adverse (drug-drug) interactions with cimetidine. 
Therefore, the dose of numerous medications such as anticoagulants, 


bronchodilators, hypnotics, antihypertensives and anticonvulsants need 
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to be lowered in patients taking cimetidine in order to prevent toxic 
side effects from these medications. The dose of cimetidine cannot 
reasonably be reduced to prevent these interactions, since the ulcer for 
which the Hy blocker was prescribed may then fail to heal. Indeed, when 
patients are on cimetidine plus a second or third interacting 
medication, it must be stressed to the patient that it would be unwise 
for them to abruptly change the dose or to stop taking their cimetidine. 

Cimetidine and ranitidine decrease indocyanine green clearance, but 
this does not necessarily indicate a significant effect on liver blood 
flow. Hypersensitivity hepatitis has been reported in one patient 
exposed to cimetidine on several occasions (545). 

Recent studies have reported that 8% of men with gastric 
hypersecretory disorders treated with high doses of cimetidine develop 
impotence, gynecomastia, and breast tenderness (252,351). Gynecomastia 
and transient sterility are attributed to the fact that cimetidine is 
antiandrogenic and competitively inhibits testosterone binding to 
receptor sites. As a result, less than 1% of men chronically taking 
high doses of cimetidine may develop painful enlargement of the 
breast. Gynecomastia has been reported however after lower doses used 
for shorter periods, but the condition quickly disappears when the 
cimetidine is discontinued or when’ ranitidine is substituted. 
Cimetidine, but not ranitidine, inhibits penile erection in rats. In 
males with gastrinoma maintained on high doses of cimetidine, impotence 
has been reported. Cimetidine produces a rapid rise in plasma prolactin 
in both normal and amenorrheic women (91,347). Intravenous but not oral 
cimetidine raises the serum prolactin levels. 


While peptic ulcer disease is rare during pregnancy, pregnant women 
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frequently experience gastrointestinal symptoms, due at least in part to 
the reflux of gastric acid into the esophagus, and to gastric atony. 
The use of cimetidine is not recommended during pregnancy. A recent 
study has focused on the adverse early and late effects of cimetidine 
but not ranitidine on sexual function of male rat pups whose mothers 
were given Hp) blockers during pregnancy: reduced anogenital distance, 
weight of testes and ventral prostate-seminal vesicles, reduced 
testosterone levels, and diminished sexual behavior (403). While these 
results cannot be directly applied to man, the work does raise the 
concern that the use of cimetidine by pregnant women might result in 
unwanted feminization and adverse long-term sexual behavior in the male 


offspring of such women. 


Other Potential Side Effects of H) Receptor Antagonists 
ie Absorption 


Absorption across a membrane is generally favored when a drug is in 
its un-ionized form. Increased conjugation could result in decreased 
drug absorption. Increased gastric pH resulting from Hj-antagonist 
administration may also prevent the degradation of acid labile 
compounds. The bioavailability of the antifungal Ketoconazole is 
reduced when administered two hours following cimetidine. Ltteais 
disputed whether cimetidine interferes with the absorption of 
tetracycline but it is generally agreed that the absorption of protein- 
bound cobalamine but not the crystalline vitamin By 5 is reduced by 
therapeutic doses of cimetidine. The only study in which the effects of 


ranitidine on drug absorption have been evaluated demonstrated an 
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enhancement of the absorption of the water-soluble benzodiazepine, 
midazolan. 
Digs Nitrosation 

Nitrosation of cimetidine may occur in the stomach, and the 
intermittent reduction in the intragastric acidity occurring in patients 
taking cimetidine has raised the issue of whether long-term therapy with 
Ho blockers may predispose to the development of gastric cancer. Many 
foods, drugs and beverages undergo nitrosation, many amines are 
nitrosated, and the resulting nitrosamines may be carcinogenic 
GG6ons38h, 42957455). Theretstis¥eno final? answereetow thisestheorericall 
concern, but most authorities would agree with the judicious long-term 
use of Ho-receptor “antagonists in™ carefully Wselected ™patientsm with 
peptic ulcer disease. 

SU CRALFATE 

Sucralfate is a basic aluminum salt of sucrose octasulfate. 
Sucralfate is a potent anti-ulcer drug (342,345,349) and is effective in 
reducing the recurrence rate of gastric and duodenal ulcers . On 
encountering gastric acid, sucralfate becomes a highly condensed, 
viscous substance with the capacity to buffer acid (383,384,523). 
Sucralfate forms complexes with proteins and prevents their hydrolysis, 
by preventing pepsin-substrate interaction. Sucralfate also inhibits 
peptic activities by direct adsorption of pepsin. Finally, sucralfate 
adsorbs bile salts. Neither food nor antacid alters the selective 
binding of sucralfate to ulcer sites (182). Sucralfate has a protective 
effect on the gastric mucosa of rats exposed to ethanol or taurocholic 
acidin( 209): 


Sucralfate is superior to placebo and equivalent to cimetidine in 
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the symptomatic improvement and healing of gastric and duodenal ulcers 
in patients studied in the United States, Taiwan, Austria, Canada, 
Finland, Holland and Belgium (217,228,283,345,414,513). For example, in 
controlled studies conducted outside the United States, in 299 patients, 
sucralfate was found to be statistically superior to placebo and 
equivalent to cimetidine in ulcer healing (342,344,355). Hollander et 
aljeeine aw recente.U-S. “ulti-centern= studyitutilizine@endoscopy, found 
sucralfate to be superior to placebo in a study of 55 patients after 4 
weeks treatment (228). McHardy (355) neportnn on 216 outpatients with 
duodenal ulcers: sucralfate was superior to placebo in ulcer healing 
and reduction in both diurnal and nocturnal ulcer pain. Ina review of 
the world literature of ten years clinical experience with sucralfate 
(158,245), only constipation and mouth dryness were slightly more 
frequent than in control subjects. 

The recurrence of duodenal ulcer over a one year period was twice 
as great when patients were taking placebo as compared with sucralfate 
(343) Patients whose duodenal or gastric ulcers had healed on 
cimetidine relapsed earlier than did those whose ulcers had healed on 
sucralfate, but the cumulative relapse rate by the end of one year was 
abDOunmIO, MineDoth eeroups 59). The mean duration of remission in 
patients who developed a recurrence was significantly greater in 
pattentsm treated finitially. with esucralfate than  inw those ~ctreated 
initially swith: (cimetidine 9 —sav/i.36 andte4. 6igemonths weirespectively.s 
Furthermore, when patients with healed duodenal ulcers were maintained 
on placebo, those who had been initially treated with Ho-receptor 
blockers for acute ulcer had significantly more relapses than patients 


who had been treated with other drugs. This raises the exciting 
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possibility that sucralfate may alter the natural history of peptic 
ulcer disease, at least in the short term. The remission rate at 6 
months #1(102), 309 )i,avor sateeo and 2128 months (373) dnitaedarge number of 
patients with duodenal ulcer maintained on sucralfate, was superior to 
that achieved by placebo. 

No difference in relapse rate was found in 55 gastric ulcer 
patients maintained for 6 months on sucralfate or placebo (102). 

In summary, sucralfate is highly effective for the treatment of 
peptic ulcer disease and represents one of the first-line therapeutic 
drugs of choice. 

ANT ICHOLINERGICS 

A muscarinic action occurs at the neuro-effector junctions of all 
postganglionic cholinergic fibers. A nicotinic action occurs at the 
ganglionic synpases and the neuromuscular junctions. Atropine has no 
effect on 24-hour intragastric acidity or nocturnal acid output when 
given alone or in combination with cimetidine (418) or ranitidine 
(108). In contrast, propantheline bromide, isoproamide and pirenzepine 
each reduce acid secretion when given with cimetidine to a greater 
extent than when the latter is given alone (25,329). Thus some 
synthetic anticholinergics may be more effective than natural belladonna 
alkaloids, in near-maximal tolerated doses, in reducing acid secretion, 
or enhancing the effect of H»-blockers. 

Anticholinergic drugs are used to inhibit competitively the effects 
of acetylcholine released from postganglionic parasympathetic nerves. 
Interdigestive and food-stimulated acid output is depressed (53) by 
about one third, using doses of anticholinergics just below the 


tolerance level. For most anticholinergic drugs, a sufficient dose of 
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these tertiary or quarternary compounds which reduces gastric secretion 
will also induce pupillary dilatation, bladder obstruction, a dry mouth, 
and glaucoma in the susceptible person not taking miotics. 

Oral administration of anticholinergics at the optimal therapeutic 
dose reduces basal acid secretion by 50% (33,141), reduces the 
histamine-or gastrin-stimulated acid secretion rate by about 40% (141), 
and reduces the food-stimulated secretion rate by about 30% 
(53,108,368). There is only limited evidence supporting the use of 
anticholinergics in the relief of symptoms, healing or prevention of 
ulcer disease (14,247). Adding bedtime anticholinergic to an antacid 
regimen is not associated with significant improvement of duodenal ulcer 
Nealingw rate? (73). Glaucoma, obstructive or neurologic uropathy, 
gastric retention and severe inflammatory bowel disease are 
contraindications to the use of anticholinergic drugs. 

Pirenzepine is a newly developed anticholinergic drug which 
differentiates between the muscarinic receptors in various organs, 
binding with a high affinity to the muscarinic parietal cells, while 
only binding weakly with the receptors of other exocrine glands or 
smooth muscles (56,205,404). Pirenzepine inhibits basal _ and 
pentagastrin-stimulated acid secretion in man (79,84,147). It has no 
effect on intragastric pH but does potentiate the effect of cimetidine 
on intragastric Ht activity (329). With correction for pyloric loss and 
duodenal reflux, pirenzepine was associated with a reduction in basal, 
maximum and peak acid output, basal and maximum acidity, and basal and 
maximum volume (424). Cimetidine 400 mg showed about twice the 
inhibitory activity of pirenzepine 50 mg on basal and stimulated 


secretion. In another recent study, pirenzepine was shown to have no 
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significant effect by itself on acid output or concentration overnight 
or in response to food, but did enhance the effect of cimetidine 
(a2 0) Eondong™ "et “al (321,322) “also “studied” ‘the’ combination of 
cimetidine and pirenzepine, given intravenously and in a ratio of 
Or: almost complete acid inhibition was obtained but some patients 
developed unpleasant and unwanted muscarine side effects. 

In a single-blind controlled Austrian multi-center study involving 
126 patients with duodenal ulcer, the efficacy of pirenzepine 50 mg bid 
in ulcer healing and pain relief was comparable to cimetdine, 1 g/day 
(Cs take hes This confirms the results of other controlled studies 
(23,50,115). A recent review of double-blind, therapeutic studies has 
revealed healing rates of ulcer at pirenzepine doses of 100-150 mg/day 
of between 54-84% in trials with 718 duodenal ulcer patients and 630 
patients with gastric ulcer (526). The incidence of the expected 
parasympatholyte adverse events was low. Thus, pirenzepine, given by 
itself, accelerates the healing of duodenal and gastric ulcers. Lt 
needs to be established whether pirenzepine should be used as a first 
choice medication in the treatment of ulcer disease, or whether it 
should be used in combination with H»-blockers. 

ANTACIDS 

Antacids are chemicals that neutralize the hydrochloric acid 
secreted by the gastric parietal cells. Numerous studies have shown 
accelerated ulcer healing in patients who ingest enough antacid to 
neutralize gastric contents (22931775408). Although antacids are 
recognized as being useful for ulcer healing, "their etiicacy 10 
relieving the pain of ulcer disease has been questioned (510,512). This 


holds both for the relief of an episode of pain and for the reduction in 
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the number of symptomatic days by a course of antacid or placebo. The 
major goals of antacid therapy are to reduce the acidity of gastric 
contents, to reduce the load of acid delivered into the duodenum, and to 
diminish peptic activity by increasing the luminal pH above that acidity 
which is optimal for proteolysis. Pepsin is inactivated at pH's above 
2.3-4.0, depending on the substrate used to measure the peptic activity 
GESS ye With the reduction in acidity and peptic acitivity, antacids 
should accelerate ulcer healing, and hopefully improve symptoms of pain. 

Chemical Basis of Antacid Action 

1. Sodium Bicarbonate 

Sodium bicarbonate is water soluble and rapidly undergoes this 
reaction in the stomach: 

NaHCO, + HCL + NaCL + H90 + Wy 
Because sodium bicarbonate can produce alkalosis, promotes fluid 
retention because of its sodium content, and because it is rapidly 
emptied from the stomach owing to its solubility, sodium bicarbonate is 
not recommended for long-term use as an antacid. 

2. Aluminum Hydroxide. 

Aluminum hydroxide is relatively insoluble in water, but the slow 
approach to equilibrium to form chloride salts and the formation of 
complex hydrated ions makes the situation complex (336). Aluminum 
hydroxide reacts with hydrochloric acid in the stomach to form poorly- 
absorbed aluminum chloride. When present in adequate amounts, it raises 
gastric pH to 4 to 4.5, neutralizing approximately 30 mEq of hydrogen 
ion per gram of aluminum hydroxide. It. may sinhibi ta .castric ssmooth 
muscle contractions (212,213) sufficiently to delay gastric emptying; 


this effect of aluminum-containing antacids on smooth muscle is thought 
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to take place as a result of the aluminum interfering with calcium 
fluxes and excitation-contraction coupling in intestinal smooth muscle 
(213) 

Aluminum is poorly absorbed by the small bowel but detectable 
plasma aluminum concentrations after aluminum-containing antacids have 
been reported (258). Circulating aluminum is cleared by the normal 
kidney; increased deposition in tissues has been observed (428). 

Aluminum hydroxide binds bile acids (318), which may contribute to 
its antidiarrheal properties. 

Drying of the aluminum hydroxide gel causes it to become 
nonreactive and ineffective as an antacid. Depending upon the 
manufacturer's process, there are great differences in the solubility of 
different preparations in acid solution and thus there may be wide 
variations in the rate of neutralization of. gastric acid (76). The 
solubility of aluminum decreases as the pH is raised. Small amounts of 
aluminum are likely absorbed from the intestine (258). Aluminum 
absorption may be parathormone-dependent (335) which may account for the 
aluminum retention that has been shown to occur in some patients with 
chronic renal disease who take aluminum hydroxide to treat 
hyperphosphatemia (5,44). Under these circumstances, aluminum toxicity 


has been claimed, and phosphorous depletion may occur (76,101). 


Aluminum hydroxide gel (Amphojel) contains 640 mg Al(OH)3 per 10 
ml, which will neutralize 19.3 mEq He i-e. 5.2 ml A1(OH)3 is needed to 
neutralize 10 mEq of Ht. Each 10 ml contains approximately 13.8 mg of 


sodium. 
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Be Calcium Carbonate. Calcium carbonate reacts with hydrochloric acid 
in the stomach to form calcium chloride. When present in excess, it 
raises gastric. pH to 7.5, while neutralizing approximately 13 to 17.5 
mEq of hydrogen ion per gram of calcium carbonate. Each 6109 mlsvof 
Camalox® contains 500 mg CaC03, 450 mg A1(0H)3, and 400 mg MgO. This 
will neutralize 35.9 mEq of Ht; 2.8 ml is required to neutralize 10 mEq 
of /H*. Despite its potency, calcium carbonate may produce a number of 
systemic complications, presumably due to the absorption of some CaCl., 
especially as gastric acidity is increased (246) This leads to 
hypercalcemia, the milk alkali syndrome, and acid rebound. Acid rebound 
in the stomach has been shown to occur after the neutralizing capacity 
of the calcium carbonate has been exhausted (38,161). Acid secretory 
rebound, which may be mediated by gastrin release, probably is due to 
the local action of calcium on the parietal cells (231) in addition to 
systemic hypercalcemia (42). Although rebound occurs more frequently 
after higher doses of calcium carbonate (4 g), oral doses as small as 


0.5 g may enhance acid secretion in normal subjects (306). 


4. Magnesium Hydroxide. Magnesium hydroxide is poorly soluble in 
water, and reacts rapidly with hydrochloric acid in the stomach to form 
poorly-absorbed magnesium chloride: 
Mg(OH)5 + 2HCl + MgCl + 2H20 

When in excess, it raises gastric pH to over 9, while neutralizing 
approximately 30 mEq of hydrogen ion per gram of magnesium hydroxide, or 
2.7) mito fen per ml of milk of magnesia. The insolubility of Mg (OH) 5 
may slow its emptying from the stomach and may prolong its duration of 


action (211). Only a small amount of the magnesium salts is absorbed 
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oi Combination Antacids. Differences among the various antacids 
relate: StoWrtheir® neutralizing Weapacity “(potency)) their” rapidity of 
action with gastric acid; their gastrointestinal side effects, and their 
systemic complications. Mixtures of aluminum-, calcium-, and magnesium- 
containing antacids frequently are dispensed in an attempt to avoid the 
undesirable properties of each component, especially their effects on 
colonic function. In contrast to aluminum hydroxide, which cannot raise 
gastric pH above 5, or magnesium hydroxide, which elevates pH to over 9, 
combinations of these components maintain pH at a maximum of 6.5 to 7.5 
(145,162,163). Al-Mg antacids are preferred to NaHCO, because of the 
latter's high sodium content, short duration of action, and tendency to 
produce alkalosis. Calcium-containing antacids are out of favor because 
they stimulate acid secretion and may produce hypercalcemia and impaired 
renal function. Milk is not a satisfactory antacid. Indeed, it 
stimulates acid secretion (241) and when taken in excess it may lead to 
the milk-alkali syndrome and to atherosclerosis. 

The sugar and sodium content of most antacids have been greatly 
minimized (436) such that neutralizing capacity, cost convenience, and 
palatability (446,474) are the major factors for selection of a liquid 


antacid product. 


C. Clinical Antacid Pharmacology 


l. Gastric Acidity 
The degree to which each patient responds to antacid depends on the 
rate of emptying of the antacid from the stomach, as well as on the 


gastric secretory response to food. The acid secretory response to a 
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meal, measured by in vivo titration to pH 5.0 in patients with duodenal 
ulcer, showed that acidity was near zero for two hours after the antacid 
was ingested, rising to only about 3 mEq/l by 3 hours after dosing 
(162). This compared with a gastric acidity of 70 mEq/l when patients 
took water with the meal. 

De Dose-Response Relationships 

The dose of antacid needed to achieve acid neutralization may vary 
from patient to patient, depending upon their acid output in response to 
food. Based on in vitro studies, it has been suggested that patients 
whose maximum acid output is greater than 20 mEq/hr require 80-160 mEq 
of buffer, which is equivalent to 30 to 60 ml of magnesium hydroxide or 
magnesium/aluminum hydroxide mixtures (162). In normosecretor patients, 
40-80 mEg, or 15-30 ml is considered to be an effective dose. 

Patients whose peak histamine response was greater than 24 mEq per 
hour ("hypersecretors”) required higher doses of antacid to reduce 
gastric acidity than did those patients with a peak histamine response 
of less than 17 mEg per hour ("“hyposecretors”). 

3. Timing of Administration 

Antacids ingested on an empty stomach are quickly evacuated and 
their acid-neutralizing effects are brief (192-194). When administered 
with meals, the action of antacids is more prolonged (162,163). 

When an antacid mixture of aluminum and magnesium hydroxides, such 
as Maalox® or Mylanta®, is given to patients after a meal, it produces a 
sustained though fluctuating increase of intragastric pH Gi22);. The 
time of administration should be carefully chosen, for it is necessary 
to take advantage of the elevation of intragastric pH produced by the 


diluting and buffering action of the meal itself. By the end of the 
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first postprandial hour, the intragastric pH is rapidly declining and at 
Ghat Btime*wingestion «of Va Fidose of*santacid will be utilized most 
effectively | tos: reduce «gastric: acidity. Byseithe tend »of athe )ithind 
postprandial hour the pH is declining again, since the first dose of 
antacid has already been partially consumed or emptied. At this time, a 
second dose of antacid raises the pH again for at least an hour. It 
would be expected that another meal and another cycle of antacid 
administration would follow at regular intervals, thus keeping the 
intragastric pH almost continuously elevated. The results of the recent 
study of Mahachai et al (328) are of interest in this regard, and 
demonstrate the efficacy of seven times a day antacid in lowering 
intragastric pH. This effect is particularly noteworthy during the 
daytime. Combining antacids with cimetidine may prove to be useful 
combination therapy, with an increase in the number of pH readings at or 
above 3.5. 

Measuring the effect of antacids on duodenal acid load is 
particularly important since reduction of duodenal acid load is the 
major aim of antacid therapy in patients with duodenal ulcer disease. 
Furthermore, duodenal acid load depends on efficiency of neutralization, 
gastric secretion and gastric emptying. For about one hour after the 
ingestion of a meal, negligible amounts of Ht ion enter the duodenum 
(122). This low duodenal Ht load is due to buffering and dilution of 
acid by the protein in the meal. After the first hour, the effect of 
the meal is rapidly diminished, duodenal acid load rises sharply and 
remains high for several hours. However, two doses of Maalox® spaced 


one and three hours after the meal produced a marked reduction in H* 


duodenal load. 
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4. Relative Potency of Different Antacids 

The effective potency of antacids needs to be established 
experimentally. The amount of 0.1 N HCl (100 mEq H‘/1, pHl) that can be 
added over a two-hour period to 1 ml of liquid antacids without reducing 
the pH below 3.0 (1 mEq Be /2) correlates well with relative antacid 
potency in vivo in patients with gastric and duodenal ulcer (162-164). 
The composition (Table 10) and the potency (Table 11) of commonly-used 


antacids varies widely. 


D. Complications of Antacid Therapy 
There are many (Table 12) but fortunately relatively uncommon, 
complications associated with the chronic use of AI1-Mg antacids 


(nor o0s2 3-259, 510,592 598559, 5405) 
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TABLE 10. OOMPOSITION OF COMMONLY USED ANTACIDS 


Composition (mg per 10 ml) 


Name A1(0H)3 Mg(OH)p  MgSi30g Other Sodium 

mg/10 ml 

a ee ee ee 

Amphojel 640 13.8 

Gelusil 500 1000 16 

Maalox 400 400 iiss Hf 

Mylanta 400 400 Simethicone 40 mg 23 

Mylanta II 800 800 Simethicone 80 mg | 8.2 

Riopan Magaldrate 800 mg 1.4 


Composition and sodium content from Handbook of Non-Prescription 
Drugs. American Pharmaceutical Association, ed. 5, 2-17, 1977; or from 


Schneider and Roach (474). 


TABLE 11. POTENCY OF OOMMONLY USED ANTACIDS 


Name mEq Ht neutralized ml to neutralize 
per 10 ml 10 mEq Ht 
Amphojel 19.3 Ses 
Gelusil 13.3 TESS) 
Maalox 25.8 Shey) 
Mytanta® 23.8 Led, 
Mylanta II 41.4 2.4 
Riopan Davek 4.5 


a 


Potency data from Fordtran et al (163) 
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Table 12. COMPLICATIONS OF ANTACID THERAPY 


SYMPTOM CHEMICAL BASIS 
Constipation Al 
Diarrhea Mg 
Phosphate depletion Al 
Hypermagnesemia Mg 
Neurological defects in chronic renal disease a Al 
Sodium overload Na 


Interference with drug absorption 


a) Phosphorous Depletion 

All aluminum-containing antacids, with the exception of aluminum 
phosphate, will form insoluble salts of phosphorous and will thereby 
reduce the rate of phosphorous absorption. In patients with normal 
renal function a phosphate depletion syndrome may rarely be observed. 
Phosphate depletion is characterized by decreased phosphate absorption, 
decreased urinary phosphorous, hypophosphatemia, and hypercalciuria due 
to skeletal resorption (499). Symptoms of phosphate depletion include 
anorexia, weakness, malaise and bone pain. If severe and prolonged, 
phosphate depletion and incresed skeletal resorption can lead to 
osteomalacia, osteoporosis, and fractures. 
b) Cation Absorption 

Many commercial antacids contain relatively large amounts of sodium 


and their use may be associated with fluid retention, particulary in 
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patients with renal insufficiency. 

Significant absorption of aluminum occurs in normal subjects 
ingesting aluminum hydroxide antacids (258,428). In renal failure, 
aluminum levels can be quite high in plasma, bone and muscle. Brains 
from these uremia patients dying of an encephalopathy syndrome also have 
a high aluminum concentration (5,539). 

Five to ten percent of the magnesium in magnesium hydroxide can be 
absorbed, but hypermagnesemia occurs only very rarely in patients with 
renal insufficiency. Calcium can be absorbed when calcium carbonate 
combines with gastric acid to form soluble calcium chloride. Although 
pancreatic bicarbonate converts most of this back to the insoluble 
carbonate salt, about 10% remains as calcium chloride (101). If renal 
function is normal, chronic hypercalcemia probably does not occur if 
less than 20g a day of calcium carbonate is ingested (211). If renal 
function is depressed, hypercalcemia may develop with as little as 4 g 


per day. 


Cc) Alkalosis 

All antacids promote the development of a metabolic alkalosis, to 
some degree. Initiation of an alkalosis depends upon the 
irreversibility of the reaction of the antacid with gastric acid, but 
perpetuation of the alkalosis depends upon impaired renal function 
ag Oe For every equivalent of hydrochloric acid produced by the 
parietal cell, an equivalent of sodium bicarbonate is also produced. 
Acid is secreted into the gastric lumen, and bicarbonate is discharged 
into the bloodstream. If the HCl is re-absorbed in the duodenum or is 


neutralized by pancreatic juice, then acid-base balance is maintained. 
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If the HCl is neutralized by an antacid, it becomes unavailable for 
either re-absorption or reaction with pancreatic bicarbonate, and 
alkalosis will result. This is particularly prone to occur with sodium 
bicarbonate, since the NaCl produced in the reaction does not react with 
carbonate, phosphate, or hydroxide ions later in the gastrointestinal 
tract, so that no HCl is re-absorbed, and a base excess is produced. 
d) Milk Alkali Syndrome 

The milk alkali syndrome can occur whenever there is a high calcium 
intake combined with any factor producing alkalosis. Calcium can be 
provided by ingestion of large amounts of milk or large doses of calcium 
carbonate. Alkalosis may be produced by vomiting, or by any antacid 
taken in large volumes. The main features of the syndrome are 
hypercalcemia, elevated blood urea nitrogen and creatinine levels, and 
frequently the presence of alkalosis (356). 
e) Acid Rebound 

Food stimulates gastrin release and acid secretion. Normally 
_ hydrochloric acid will then suppress further gastrin release, and taking 
antacid will neutralize the acid and should theoretically lead to 
failure of gastrin suppression and more food-stimulated acid 
secretion. This may be a usual phenomenon of antacid in the stomach, 
but acid rebound is defined as sustained hypersecretion of gastric acid 
after antacid has been emptied from the stomach. Only calcium carbonate 
has this effect (42) likely through the mechanism of hypercalcemia and 
gastrin release. The degree of hypersecretion induced by a single dose 
of calcium carbonate after meals is minimal in most persons, but some 
individuals are quite sensitive and gastric secretory rates may be high 


in response to calcium-containing antacids 
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Antacid Drug Interaction 

In Table 13 is summarized the many antacid drug interactions 
reported in humans. Tetracycline and cimetidine absorption may be 
impaired by antacids (508). Antacids may enhance the absorption of 
Coumadin, thereby increasing its potential side-effects. Some antacids 
may alkalinize the urine and will thereby alter the renal excretion of 
some drugs. For example, the more alkaline the urine, the more aspirin 
will be excreted and therefore the lower the blood levels (308). 

The mechanisms of the effect of antacids on drug absorption include 
delayed gastric emptying, absorption of drug, binding of bile salts, and 


altered urinary pH and drug excretion (9,239). 
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TABLE 13. ANTACID DRUG INTERACTIONS REPORTED IN HUMANS 


Depressed Drug Level Enhanced Drug Level 
or Effect of Eifect 


GI TRACE Cimetidine? 


ANT IMICRO BIALS Isoniazid? Solfonamides>»¢ 
Tetracycline? >»¢ 

CARDIOVAS CULAR Digoxin?» > Dicumarol> 

SYSTEM Propranolol@ Quinidine?>> 

CENTRAL NERVOUS Chlordiozepoxide4» > Amphetamine 

SYSTEM Chlorpromazine?» > Levodopan®? > 
Phenytoin 


NON-STEROIDAL 
ANT I- INFLAMMATORY Aspirin?» > Naproxen® 


AGENTS 


VITAMINS Iron® 
Phosphorus* 
Vitamin A@ 
co eet 2 aaa i sere os ete Vanier rina eet 
a - aluminum hydroxide 
b - magnesium hydroxide 
c — NaH , 


Data summarized from Hurwitz (235-239). 
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Clinical use of Antacids 


It is only recently that evidence has been obtained that antacids 
may promote peptic ulcer healing. In two early controlled trials 
(40,132), intensive antacid therapy did not benefit healing rate. This 
lack of effect in the controlled trial of Doll et al (132) may have been 
due to their use of an intragastric drip of 40 g sodium bicarbonate 
daily in hospitalized patients. Baume and Hunt used 4g calcium 
carbonate every hour in outpatients, but this antacid may have produced 
sufficient acid rebound so as not to have allowed adequate 
neutralization to permit healing of the gastric ulcers. In another 
controlled trial, Hollander and Harlan (229) showed that in patients 
with gastric ulcer treated with 420 mg calcium carbonate, two tablets 
hourly, pain relief and ulcer healing were significantly better than in 
the placebo-treated group. There was no significant healing effect in 
patients with duodenal ulcer by follow-up radiological studies. 

Low-dose (287) and intensive regimens of potent antacids are 
equivalent to cimetidine in the healing of duodenal (151,242,408) but 
not of gastric ulcers (244,479). For example, Ippoliti et al (242) 
reported that in the 60 DU patients treated with cimetidine, 1200 mg 
daily, and in the 69 DU patients treated with Mylanta® II, 7 oz daily, 
the cumulative percent healed on antacid at 2, 4 and 6 weeks was 33%, 
64% and 80%; on cimetidine, healing at these times was 25%, 62% and 
86%. Combining the results of the four studies, the four and six week 
healing rates for cimetidine were 65% and 84% respectively, and for 


antacid were 63% and 72% respectively. Symptom relief was comparable in 


ehtonsnn teelp Shedicte ned vont atiobive 089% 
eIntes belietiais Ylune) owt at | .gutlnot arate’ 
sid? woe artSead 20%eond 20m bib gaeds blanze8 wy 
nowt overt ye (205) ta ge Lied Yo Laity ‘nite 
atened ra9se autboe 9 OF Yo gtwh oitsesgatsat ne io = 2 at 
mtoleo gh beew Jeu bes smyet = sepa hong. oF 
teouvbong svat wat bisaine eidy sud ,eanetsaqivo al viverd % 
eieuppde deeosia ower al Joh hl 0S bavodes bio © 
ations al -wieoty od7yesg BO) In gotieed siurreq 93 Di. 
envetsag ot jncia howeste (OLS) malvall baw tabaslfok stakas 
ageidey ow: ,s3aneddao meleles ge OS Asiv, Seze079 vst so 
al gata wed ylonepbizegie etaw guiiesd seoly bra Saliot aleg yl 


at jovtta gotived Geet tingta ce anv etedT .quoag betassI—o 
-vothuty Sagtpetesten qu-wollot xp asole, tare bonb..3.w 2% | 
suk a@blseses teeteg 4 aremiget evienernt bre (yas) ob-wod aa 
sod (HOR S08, 102) tameboee 30 guiiaed ofa ek sdtbiseels 03 ae 
(402) te 39 EptLeggt cetigmaxs rol, (TA, 406) ansolu. otaznag 6 300 | 
oe ONL: eathisenite til Soxuens aguelisnq UL 09 ad3 ah andy 
tie 40°F (At Gagnalyt vote perses2, wIneds2¢ txt Qe oda oh bre 4¥ et 


aan: ‘BD boe +, 30 Btonsns oo balnos! anenreq metaatinnus “1 


a cate) demak en ie —— Dngeeeein #@ 


298 


both treatment groups. Interestingly, Sturdevant et al (512) showed 
that antacids were no better than placebo for pain relief in 
hospitalized patients with DU. A dissociation between ulcer symptoms 
and healing by endoscopic criteria was also noted by Peterson et al 
(408). 

Poor compliance may be a problem with antacid therapy (452), 
although we have observed that under the encouragement and watchful eye 
of a research nurse, patients consumed close to their prescribed antacid 


intake over a six week interval (479). 


F. Liquid Versus Tablet Preparation 

Although antacid tablets are convenient, liquid preparations are 
considered to be more effective because their buffering capacity is 
superior to that of tablets. For this reason, liquid antacids have been 


preferred. 


Choice and use of Antacid 

Antacids vary widely in their in vitro Ht neutralizing capacity, in 
their sodium content, in their cost, and in their flavor. Select one of 
the new potent Mg-Al containing antacids such as Maalox Plus or Mylanta 
II, and switch from one to another, depending upon the patient's taste 
preference. While some clinical studies have suggested that a high dose 
antacid regime does heal duodenal ulcers, these same studies suggest 
that antacid is no better than placebo for the relief of symptoms. 
Amazing that generations of North Americans from Canada to Mexico have 
used antacids for the relief of acid indigestion, now only to be told 


that this was all a placebo effect! Clearly the results of carefullly 
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conducted and controlled clinical trials may not apply to everyone's 
experience in practice. Compliance to a high-dose antacid regime is 
necessary to achieve ulcer healing, but many patients will not take all 
the recommended dose, even when under the watchful eye of the nursing 
staff of a Veteran's Administration Hospital (446). Most patients 
consider that antacids relieve their dyspeptic symptoms, and the patient 
will eagerly agree to consume sufficient antacid in order to achieve 
that relief. Remind yourself and your patient that the antacid liquid 
is much more potent than the tablets (59). 

In summary, the recent resurgence of interest in antacids has 
confirmed the usefulness of aluminum-magnesium combinations of these 
pharmacological agents in the healing of duodenal and gastric ulcers. 
Therapeutic doses of antacids given with meals buffer the gastric 
acidity for prolonged periods and lower the intragastric pH to levels 
even below that observed with Ho~receptor antagonists. The modern 
potent antacids are well tolerated by patients. However, the antacids 
have no obvious advantage over the Hy-receptor antagonists for the 
healing of acute duodenal or gastric ulcers. Perhaps they may usefully 
play a role for the relief of recurrent mild symptoms which occur from 
time to time in the patient with known chronic ulcer disease. Certainly 
for the treatment of acute ulcers, antacids have been largely replaced 
by the Hy-blockers and by sucralfate. Some patients who take antacids 
on an as-required basis for pain may find that they require increasingly 
large doses of antacids for pain relief. Often the physician will see 
the patient when large doses of antacids have already been self- 
prescribed by the patient, and have been found to be inadequate to 


control symptoms. Clearly, under these ‘circumstances, the patient 
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requires more potent modern-day therapy. Should the antacids be 
continued with the H,-blocker? Since there is evidence that at least 
one antacid reduces the absorption of oral cimetidine given 
simultaneously (508), these two agents should not be given together. 
When cimetidine is followed 1 and 3 hours later by Mylanta, the blood 
levels of cimetidine are unaffected (328). 

Is there any evidence that the combination of antacid plus 
cimetidine is beneficial? Seven-times-a-day and four-times-a-day 
Mylanta II is effective in reducing intragastric acidity (328). Indeed, 
the larger dose of antacid is nearly as effective as cimetidine in 
reducing intragastric pH after meals and overnight. When cimetidine 600 
mg with breakfast and at bedtime is supplemented with 30 cc Mylanta II 
one and three hours after lunch and after supper, even greater acid 
inhibition is achieved. It remains unproven, however, whether this 
combination of antacid plus cimetidine accelerates healing more than 


with cimetidine alone. 


NEWER AGENTS IN THE TREATMENT OF ULCER DISEASE 


PROSTAGLANDINS 

Prostaglandins are lipid hormones found in nearly every body 
tissue. They have profound and diverse physiological and 
pharmacological effects which depend on the class of prostaglandin and 
on the target tissue. Some prostaglandins inhibit acid secretion, 
possibly by gastric mucosal adrenyl cyclase (441,529). Certain 
prostaglandins have been shown to protect the gastric mucosa against 


necrotizing agents such as absolute ethanol, 0.6 M HCl, O.2M NaOH, 
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hypertonic NaCl, and boiling water (439). This property of 
prostaglandins has been called "cytoprotection”, and may be due to 


several mechanisms (Table 14). 
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TABLE 14. EFFECT OF PROSTAGLANDINS ON GASTRIC MUCOSA 


Ks Inhibit acid secretion 

ae Increase mucosal blood flow 

Jie Increase gastric bicarbonate secretion 

4. Increase thickness of unstirred layer gel mucus 
5s Increase alkaline microclimate 

6. Increase active chloride transport 


Le Reduce gastrin response to food 


Both natural and synthetic analogue E prostaglandins have been 
shown to decrease basal, pentagastrin-stimulated and histamine- 
stimulated gastric acid secretion in man (441). The E prostaglandins 
probably exert this anti-secretory effect by preventing histamine from 
stimulating the formation of its requisite mediator, cyclic AMP, by 
parietal cells. Some synthetic PGs may also have an antigastrin effect 
(330). 

Vagally-stimulated gastric acid secretion is usually smaller than 
that occurring during maximal stimulation with gastrin. A staple 
prostaglandin E, analog (15-R-15 methyl PGE)) given orally significantly 


reduced gastric acid and pepsin secretion in response to modified sham- 
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feeding (MSF) in eight patients with chronic duodenal ulcer disease 
(274,275); serum concentrations of pancreatic polypeptic were suppressed 
in response to MSF, but the gastrin response was unaffected. 
Suppression of prostaglandin generation in the gastric mucosa with 
aspirin did not influence the secretory or hormonal responses to MSF. 
This suggests that exogenous but not endogenous prostaglandins are 
effective inhibitors of this vagally-induced gastric secretion. 

Both natural and synthetic prostaglandins (PGs) are potent anti- 
ulcer agents, and are capable of preventing gastric mucosal injury 
(437,439-441) as a result of their anti-secretory and. “cytoprotective” 
properties (95,96). PGs stimulate alkaline secretion and thereby 
alkalinize the microclimate adjacent to the membrane (181,260,263,365). 

The gastric mucosa may protect itself against acid peptic digestion 
by maintaining an alkaline zone in the mucus layer coating its surface 
Ghigo 2,.430,4455518,555). The alkaline environment in this “mucus- 
bicarbonate” barrier, present when the luminal contents are acid, is 
enhanced in rats given 16-16-dimethyl prostaglandin E9 
(176,261,365,445). 

Gastric mucosa is present in two forms, one solubilized in gastric 
juice and the other adherent to the surface epithelium. The amount of 
soluble mucus in gastric juice is increased by certain prostaglandins 
(66,255,395), and perhaps a change in the composition of one or both of 
these mucus components is more important than the thickness of the 
adherent mucus in the production of cytoprotection (7,66,176,263,438). 
When mild irritants are administered even only a few moments before 
necrotizing agents, mucosal necrosis is prevented, a process known as 


“adaptive cytoprotection” (96,440). If the production of endogenous 
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prostaglandins is blocked with indomethacin, a cyclooxygenase inhibitor, 
then adaptive cytoprotection is also blocked (95,440). Robert et al 
(438) have recently challenged the idea that gastric cytoprotection is 
due to a change in the thickness of the gastric mucosa layer, as 
measured with a pachymeter. This lack of effect of 16, 16-dimethyl PGE, 
on mucus gel thickness is contrary to a previous finding (52). 

In healthy subjects, mucosal prostaglandin generation in the 
duodenum is induced post-cibum in relation to duodenal acid load (3). 
This may be a physiologic example of adaptive cytoprotection. In 
patients with duodenal ulcer disease, prostaglandin synthesis activities 
in mucosal biopsy specimens taken endoscopically from the duodenal bulb 
before and after a meal changed little or decreased. Perhaps in 
duodenal ulcer disease there is a defect in the food-related change in 
mucosal PG synthesis occurring as a result of enhanced duodenal acid 
loads. 

Misoprostily \(SC-293533,-eSearle)igesis: ga pisyntheticiy analocygnot 
prostaglandin E, which has been shown in animals to reduce gastric 
secretion of acid and to be cytoprotective (109,116,117). Hunt et al 
(232) have demonstrated in 12 healthy subjects that 50 mcg misoprostil 
reduces gastric bleeding and secretion occurring in association with the 
ingestion of aspirin (975 mg four times a day). The reduction of 
bleeding was directly correlated with the reduction in acid. In the 
dog, the cytoprotective effect against aspirin is believed to be in part 
a consequence of an increased gastric mucosal flow (296). 

A recent multi-center, double-blind, placebo-controlled study has 
shown that misoprostil (Searle), 200 mcg given four times daily, is 


highly effective in healing duodenal ulcers after four weeks of 
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treatment (73). The degree of efficacy of misoprostil at four weeks 
(802 of patients had complete ulcer healing) is comparable to that 
reported for high-dose antacids, ranitidine, and sucralfate, and 
somewhat greater than that reported in some series for cimetidine and 
for another synthetic analogue of prostaglandin Ey (543). Also, in a 
multi-center study with over 110 patients with active duodenal ulcer 
disease, enprostil, a synthetic dehydroprostaglandin, taken twice daily 
by mouth, was highly effective in the two- and four-week healing rates 
(Thomson et al, unpublished observations, 1984). Side effects were 
mild. This potent ulcer healing effect was likely achieved by the anti- 
secretory and anti-gastrin properties of this compound (330). In 
addition, the 15, 15-dimethyl analogues of PGE, has been shown to be 
effective in the healing of duodenal ulcer (181,460,461). 

As yet there is no data on the rate of recurrent ulceration 
following prostaglandin-induced healing, nor is there data on the use of 
prostaglandins to maintain ulcer healing. As yet there is no support 
for the use of prostaglandins in the healing of gastric ulcers (461). 
Patients treated with synthetic prostaglandins may have diarrhea, but 


this is usually mild. 


BISMUTH 


Denol®, tripotassium di-citrato bismuthate (TDB), is a colloidal 
bismuth preparation which is effective in ulcer healing. It chelates 
with) protein at an acid «pH »contributing® to, its ‘anti-peptic activity 
(21,465). It may also stimulate mucus release (249). The pH and 
bacterial flora of gastric aspirate did not change during TDB therapy 


(204). In four to six weeks the healing of duodenal ulcers is 
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approximately 80% with TDB and 25% for placebo (112,123,249,299,300, 
374,465,480,481,542). Thus the efficacy of TDB is comparable with 
cimetidine for the healing of duodenal ulcers (481,542). On follow-up, 
endoscopically-proven relapse of DU occurred within one year in 47% of 
TDB-healed ulcers in comparison with 60% of cimetidine-healed ulcers. 
Bismuth-induced duodenal ulcer healing may be more sustained than 
cimetidine-induced healing (344). 

The mean four- to six-week healing rates for gastric ulcers were 
approximately, 852. with (IDB and 332% with placebo (72,3005375,515)- 
Bismuth is also comparable with cimetidine for the healing of gastric 
wikears @2 951-520 555207 

While liquid TDB has been proven to be effective in the healing of 
peptic ulcer disease, the development of a tablet form is welcomed. The 
tablet form is effective in ulcer healing and in pain relief 
(203,204,542). 

Because serum and urinary bismuth levels rose during the six week 
treatment with TDB, and urinary excretion remained elevated two weeks 
after cessation of therapy, the possibility of the development of 
neurotoxicity cannot be ignored (6). However, there have been no 
reported symptoms or signs of adverse CNS effects suggestive of bismuth 
toxicity in patients taking TDB. The stools may blacken, the tongue may 
darken, and the compound may smell and taste poorly, especially when 
formulated as a liquid. Milk and antacids may interfere with the action 
of TDB and should be avoided one hour before and after taking TDB. 


TDB is not currently available in the United States of America. 
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TRIMIPRAMINE 

Trimipramine (Surmontil®), a tricyclic anti-depressant, increased 
the heaking, Grate rofmeDU G82): Confiirmatdon Store. thisietindingaeds 
required. Sedation and mouth dryness may occur. Trimipramine is also 


not currently available in U.S.A. 


CAR BE NOXOLONE 

Carbenoxolone is synthesized from glycyrrhizic acid extracted from 
Ticoricemi root: 14339464 ). It increases the life span of gastric 
epithelial cells (140,312), alters the carbohydrate composition of 
gastric mucus (139,484), increases the thickness of gastric gel mucus 
(56), has a variable effect on the gastric mucosal permeability to 
hydrogen ions (119,483) and inhibits peptic activity in gastric juice 
(45).  Carbenoxolone has no influence on the secretion of gastric juice 
(34). 

Clinical trials have reported the benefit of carbenoxolone sodium 
(Biogastrone®) in the treatment of GU (39,179,411,475,538) with mean 6 - 
12 week healing rates of 65% with carbenoxolone and 37% with placebo. 
However, efficacy is not universally the case (179,359,475,556). The 
healing rate of gastric ulcers with cimetidine may be superior to 
healing with carbenoxolone (282). 

In double-blind, endoscopically-controlled studies conducted over a 
6 to 12 week period in patients with duodenal ulcer, the mean healing 
rate in patients treated with a position-release carbenoxolone capsule 
(Duogastrone®) was 68%, compared to 32% for placebo therapy 
(1,10,120,390,484,561). Symptom relief is satisfactory, but therapy may 


need to be continued for up to three months, and overall the evidence 
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for the efficacy of carbenoxolone in the healing of DU is not considered 
to be strong (234). 

It must be cautioned that at least one quarter of patients treated 
with carbenoxolone have a significant side effect, such as hypertension, 
weight gain, edema, and hypokalemia (81,119,120,135,190,194,297,427). 

Bismuth, carbenoxolone and trimipramine are not currently available 
in the United States. In Canada, carbenoxolone has not gained wide 
acceptance because of its potentially serious side-effects. 
Trimipramine is used occasionally in patients with relatively 
intractable disease in whom there may be an element of associated 
depression. Bismuth is available in Europe, but its use is limited by 
the lack of palatability, althought the tablet form may overcome this 


problen. 


OMEPRAZOLE 

Benzimidazole derivatives such as omiprozole represent a new class 
of drugs which probably inhibit gastric Ht secretion by suppressing the 
actbivety of Ht /K*t-ATPase, an enzyme playing a key role in the proton 
pump of parietal cells (153-155,399,400,485). Studies in animals have 
shown that these agents inhibit acid secretion induced by a variety of 
stimulants in vivo and in vitro (153-155,399,400,485). Olbe et al (400) 
reported a dose-dependent reduction in pentagastrin-stimulated Ht 
secretion with one of these agents in healthy volunteers. The reduction 
lasted over 36 hrs after a single oral dose of the drug. In patients 
with chronic duodenal ulcer disease, two and six umol/kg of omeprazole 
were associated with 50% and 90Z reduction in acid outputs and acid 


concentration in response to modified sham feeding and pentagastrin, 
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without affecting serum gastrin and pancreatic polypeptide response to 
modified sham feeding (273). 

Omeprazole given intragastrically in both inhibitory and non- 
inhibitory doses to rats prevented dose dependently ASA- and ethanol- 
induced gastric lesions (272). The protective effect of omeprazole 
against ASA-induced lesions occurred when mucosal generation of PGs was 
completely suppressed (and that against ethanol lesions when PG 
generation was increased.) Thus inhibiting the Ht/Kt-ATPase involved in 
the final step of Ht secretion protects the eae eric mucosa against these 
two damaging agents by a mechanism unrelated to gastric inhibition of 
acid secretion or the biosynthesis of mucosal prostaglandins. 

Unfortunately clinical trials with omeprazole were abruptly 
terminated when tumors developed in experimental animals given this 
compound. 

PROGLUMIDE 

DL-4-benzamide-N,N-dipropyl glutaramic acid, is a specific 
inhibitor of the effect of gastrin on the gastrin receptors present on 
parietal cells (99,452,453,553). It does not inhibit the secretory 
effects of histamine or acetyleldine (19,453). Proglumide inhibits the 
binding of gastrin to its receptor in rat oxyntic gland mucosa, and 
blocks the trophic action of exogenous gastrin in duodenal mucosa, 
colonic mucosa, and pancreas as well as oxyntic gland mucosa (256). 
Whereas cimetidine caused increases in serum gastrin levels and rat 
parietal cell volume, no changes were noted in rats treated with 
proglumide (544). In patients with the Zollinger-Ellison Syndrome 
(ZES);eepeptic’ sulcers*+are® due ' to gastric acid hypersecretion which 


unambiguously results from hypergastrinemia. In three patients with 
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ZES, proglumide was much less potent than cimetidine, when compared on a 


molar basis, in inhibiting gastric acid secretion (291). 


CHOLESTYRAMINE is of no proven benefit in the healing of GU (58). 


AMYLOPECTIN SULFATE is a synthetic sulfated polysaccharide that inhibits 
pepsin secretion and forms a mucus—like layer of sulfate 
polysaccharide. Its therapeutic role in the treatment of DU is 
insecure. Deglycyrrhizinised liquorice (CAVED-S®) has been shown to be 
beneficial for the healing of GU and DU (524), but these results were 


not confirmed in two other reports (152,379). 


SULP IRIDE 


(N-(1-Ethy1-2-pyorrolidylmethy1)-2-methoxy—5-sulfamoylbenzamide), a 
neuroleptic drug which is a centrally acting antiemetic and analgesic, 
has been successfully used in the treatment of ulcers, but experience 


with the compound is limited. 


OTHER H5-RECEPTOR ANTAGONISTS 


Oxmetidine is a new histamine H2-receptor antagonist with strong 
inhibitory effects on gastric secretion. It has several potential 
advantages over cimetidine, including low penetration of the central 
nervous system and absent antiandiogenic effects. Oxmetidine is 
comparable with cimetidine in the four- and eight-week healing of 


duodenal ulcers (319), but clinical trials in North America were 
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abruptly discontinued when hepatotoxicity was reported. 
YM-11170 is a new, clinically distinct Ho-receptor antagonist (516- 


5S), Chinicals trials tarerawaited. 


UNRESOLVED ISSUES 
i: Applica bititydofeClinical’ Trials, 

Endoscopically-controlled prospective randomized trials extending 
from four to twelve weeks have shown that approximately 2/3 - 3/4 of 
patients with gastric or duodenal ulcers will heal on ranitidine, 
cimetidine, sucralfate or high-dose potent antacids. How applicable are 
the results of these controlled therapeutic trials to the goals which we 
set for our own patients? We need to apply our experience, common 
sense, and whatever other pieces of information or influence which 
appear to be appropriate. In the end, for your patient, and at a given 
point in time, you need to make a decision and to act, even in the face 
of legitimate differences in opinion based on interpretation of the data 
base, i.e. the clinical trials, and experience, i.e. the application of 
this new information to an individual patient. "My message is that 
results of controlled trials cannot be expected to define standard 
therapy. Rational therapeutic decision-making requires judgements about 
issues that cannot be settled with certainty by controlled trials” 


(511). Thus, the treatmemt for each patient must be individualized. 


ite Hypersecretors. 


The U.S. experience with cimetidine in Zollinger-Ellison Syndrome 


(ZES) has been renewed (351,353). This topic is discussed elsewhere in 
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this book. Of interest though is the observation that some patients 
require high doses of cimetidine to obtain symptomatic relief, while 
other patients are never adequately controlled (67,68,113,128,360- 
Bi62))% This occasional poor response to cimetidine may be due to a 
diminished oral bioavailability and to a decreased pharmacologic 
response to the drug (563). In ZES patients, there is a positive 
correlation between the outcome of treatment and the reduction of 
gastric acidity, as measured by 24 hr pH profiles. Ranitidine is a more 
potent antisecretory agent, and either alone or in combination with an 
anticholinergic may be more effective than cimetidine in reducing 
gastric acidity (322,361,540). A large variable in the pharmacokinetics 
of orally-administered cimetidine has also been noted in non-ZES 
patients with duodenal ulcer disease (331). While some ZES patients 
failing on cimetidine will be better controlled on ranitidine, it 
remains to be determined whether similar bioavailability or response 
problems will plague the newer H)-receptor antagonists. Not all DU 
patients are hypersecretors, but in those who are, it is unclear whether 


the dose of medication needs to be tailored to their acid output. 


3% Endoscopy versus barium meal. 

Barium meal is still the most commonly requested investigation in 
those patients suspected of having a peptic ulcer. The false-negative 
rate of upper GI series is about 20%, and posterior wall gastric ulcers 
and those in the second part of the duodenum are the most frequently 
missed. Also, if the duodenal cap is scarred;s iti itay, bewdifficauitato 
differentiate between inactive and active disease. If the barium meal 


shows a DU, endoscopy is usually not necessary. Although an experienced 
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radiologist can usually distinguish GU from cancer, it is now common 
practice to use endoscopy and biopsy in all patients with gastric 
lesions. However, can we be dogmatic? Should all patients with a 
gastric ulcer have endoscopy? This is indeed a controversial issue. 
The patient who presents with dyspepsia may well be initially treated 
with antacids, and undergo an upper GI series only if the symptoms 
persist. If the gastric ulcer appears to be benign, using numerous 
well-accepted radiological criteria (314), then under most usual 
circumstances it would be acceptable to heal the patient's ulcer with 
sucralfate or with H, blockers, and to repeat the upper GI series in six 
weeks. If the ulcer has not healed at that time, or if there is any 
question whatsoever, based on the clinical scenario or the radiological 
findings, that the lesion may be possibly malignant, then endoscopy 
should be obtained in order that multiple biopsies may be obtained. My 
own preference however has been to perform endoscopy on all patients 
with a radiologically demonstrated GU. 

Early gastric cancer is common in Japan, and studies from that 
country have indicated that some reduction in the size of these lesions 
may occur with anti-ulcer treatment in three-quarters of patients 
(464). However, complete healing may be relatively uncommon (15). If 
the patient with persistent dyspepsia has a negative upper GI series, 
then endoscopy is indicated, as part of the diagnostic work-up. lia 
gastric ulcer is identified, then the endoscopy should be repeated after 
six weeks of treatment. If the ulcer was seen on upper GI series, was 
followed to radiological healing, but then recurs within several months, 


then it would be prudent to reassess, this time by endoscopy rather than 


by x-ray. 
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4. FOLLOW-UP 

Gastric ulcers heal at an approximately fixed rate, so that it 
takes longer for large than for small ulcers to heal. Thus it may be 
necessary to continue to treat the patient with a large gastric ulcer 
for longer than the usual six weeks. After healing of a gastric ulcer, 
what follow-up is appropriate? If symptoms recur, the patient should 
have endoscopy, even if the initially-identified lesion was seen 
radiologically and was followed to healing on upper GI series. This 
suggestion for endoscopy rests on the concern that the x-ray which 
allegedly showed healing may have been in error. Furthermore, the 
recurrent ulcer should not, under these circumstances, be considered 


automatically to be benign. 


Die ULCER AFTER SURGERY 

Stomal or post-operative ulcer is» defined asi©an ulcer in the 
stomach, duodenum, or jejunum of patients previously subjected to 
surgery for ulcer disease. The yardstick by which surgical results must 
be measured is the massive review experience of Stabile and Passaro 
(504). The conventional medical treatment of these ulcers is 
unsatisfactory, with an ulcer persistence rate of 42% and an ulcer- 
related mortality of 11%. Several previous controlled and uncontrolled 
reports have supported the benefit of cimetidine on healing or symptoms 
of perianastomatic ulcer after gastric surgery 


(46,100,125, 150,157,199,215, 227,265,266, 286,415,470, 506,531,549) 


6. TREATMENT FAILURES: RECURRENT ULCERS OR RECURRENT SYMPTOMS? 
Jecitiee Sa a a a 


Why does about one patient in five fail to heal after an acceptable 


: 
ey) 7 


ee 
e ~ 


a4 abide, insite band | 
ad ys 3% win. ted pias pie an sume ee eS 
seal afagaep ogtel 8 ashy pie aees2 | os) aun bancg, ‘en x = 
tHaly obtteng #30. samrrnics soot vadyow xte laveo edo nett > % yn rhe 
biotds gyetveq orf. yaune? eooaeere Bh fesebrqozqqe: et quewel tol -3 
nese. btw nolest pp iStenebsoateubinel oi? it ceva “yeqosoobne 3 


sid? .aateee 34 tw99qu oo goikieed oa Bowollc? saw bas yilestgolo, 
’ ‘a 


man 


‘nti: geese od? sels. .orsoneo nd eo mteas Ngopeabne wot noksasgana - 
CRC tec eee oe Me oie: Xe qrilaen » bewode Lb 

baveltenoh af”, sinseracvammianetes onde. — bluode resiy a 

ogkned ed-o3 eLinotseaonie 

| ea _ - 

a ) | YASDAUS ASTSA a8 

sin oct 76oly cee Bempktes “a2 —- svltaisqo-2¥0g ta: fwaosd, © 

6y hkedneh doe von eane ts ay 34 Sunyls 70 ysunsboub sdontose. | 2 

jaun ediwnss tepdgade Hokie ye siokaeb=ny, edt .eneoeth n9alv: sol weg 

weanet® See slidai® Fe tedidhtich nt walves svieenm #d3 at brwensm 

at sreala  sevity Bo\ gosasoded ofaokben " Leaottagvaon:.. ant af “a 
-reate mb tae RSA Jou ofus sonerekereg: saoty on fate “aeraaonteien 

balloxsagany bas befilersmes svotwong faanve? «BLE Yo, cihingiou st 

BN SMS " gatiaad Re: aoithitemis “Yo ab tamed ota eee: 


Pa i aN 


gga Devaied bu an as 9) skensoe om 
se S821, 004 SE, 08 F REL. DOL, BA} 


7 


Se) 


course of an acceptable Hy blocker? Is there excessive vagal tone, 
resulting in excess acid secretion? Or, more likely, is peptic ulcer 
disease such a multifactorial polymorphous condition that turning off 
the acid secretion is ineffective, because acid hypersecretion had 
little to do with the pathogenesis of the ulcer in the first place? 
These questions have not yet been answered, but many patients who do not 
heal on one anti-ulcer agent will heal when switched to a second drug, 
or when two drugs are combined. Such combination therapy includes Hy 
blockers plus antacids or Hy blockers plus anticholinergics. 
Alternatively, healing of resistant ulcers may be achieved when 
sucralfate is substituted for an H)-receptor antagonist. 
ee COMBINATION THERAPY 

Potentiating interactions between the three receptors have a 
theoretical basis, and have been shown with isolated canine cells: 
there are potentiating interactions between histamine and gastrin and 
between histamine and carbachol, but not between carbachol and gastrin 
(492,493). Clinically, the experience also supports an interaction 
between Ho blockers and anticholinergics (329). Let us consider the 
interactions of antacids and cimetidine, and of anticholinergics and 
cimetidine. Gastric acidity (mEq/l) is reduced when one dose of antacid 
is given one hour after a meal, or when one dose of anticholinergic is 
taken one hour before a meal.* The combination of both medications was 
more effective in reducing acid secretion than when either agent was 
taken alone. When cimetidine is taken with pirenzepine, there is a 
greater reduction in nocturnal acidity, volume, and acid secretion 


(329). Others have also shown that metiamide plus propantheline bromide 


(Fordtran, unpublished observations, quoted in Peterson & 
mocatran. Chapter 525 pg 891-913). 
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25) 
STRATEGIES FOR LONG-TERM ULCER TREATMENT 

Only a minority of patients suffer from one of the complications of 
duodenal ulceration, hemorrhage, perforation or pyloric stenosis. The 
majority of patients are troubled only by ulcer pain. The main 
treatment objective for the management of a patient with a duodenal 
ulcer must be the relief of symptoms and ulcer healing. Symptoms may be 
relieved without ulcer healing, but ulcer healing must be accomplished 
in order to prevent the development of the ulcer-related complications. 


There are three main strategies for ulcer treatment: 


1. on demand treatment of ulcer symptoms, without regard to a 
duration of therapy likely to achieve ulcer healing; 

2. intermittent treatment of acute episodes with a full course of 
therapy, even after symptoms have subsided; 

3. maintenance treatment after acute ulcer healing with the full 


dose treatment. 


The first approach is generally viewed as being unsatisfactory, 
since ulcer healing is not necessarily achieved. The second approach is 
acceptable only if the patient has mild non-recurrent or infrequently 
recurring disease. The best results are obtained with the third 
strategy, using maintenance therapy. The disadvantages of chronic 
exposure to any drug are adverse reactions, cost, and lack of compliance 
leading to lack of efficacy. For the patient with difficult duodenal 


ulceration, these disadvantages are minor, compared with the potential 
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hazards of elective or emergency surgery. At present, none of the 
medications proven to be useful for the treatment or maintenance of 
patients with ulcer disease change the natural history, or cure the 
disease. 

Should Hj-blockers or sucralfate be taken "forever and ever"? 
Carefully controlled clinical trials address the question of the 
efficacy of these agents in the prevention of ulcer recurrence, but does 
such an approach represent sound judgement and common sense? The 
patients entered into clinical trials are highly selected and may not 
necessarily reflect the type of patient generally seen in practice. 
Many practitioners treat dyspeptic symptoms without endoscopy or x-ray 
evidence of ulcer. Many of these patients will enjoy an improvement in 
their symptoms. Probably no more than half of these patients have an 
ulcer, and many of those patients with non-ulcer dyspepsia who improve 
on ulcer therapy will have non-ulcer dyspepsia, or what Dr. Howard Spiro 
calls “Moynihan's disease" (502). These patients are not subject to the 
risk of complications of ulcer disease, and should not be placed on 
maintenance therapy. In the patients with a proven ulcer, perhaps we 
should wait for a recurrence, before placing them on maintenance 
therapy. This essence of time will allow for the selection of those 
peptic ulcer patients who will be “bad actors" and will have recurrent 
and therefore potentially more serious disease. Then, “once an ulcer, 
always an ulcer”. However, future recurrences may be of ulcer-like 
dyspepsia without ulceration. If a recurrence of ulcer is proven, then 
maintenance therapy may be used. In this way the relatively low risk of 
complications can be weighed against the equally low risk of Ho~blocker 


related side effects. 
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After the six to eight course of therapy for the acute event, how 
should the therapy stop? While there is no evidence of “acid rebound" 
under these circumstances, many seasoned clinicians' practice is to 
gradually reduce the dosage of therapy over an interval of several 
weeks, down to the maintenance dose. For cimetidine, taken four times a 
day, this reducing regime would be the withdrawal of first the lunch- 
time, then the suppertime dose, then the breakfast dose. A decision is 
then made whether the patient is suitable for maintenance therapy. For 
ranitidine, the situation is even simpler: if the patient is receivng 
150 mg. b.i-d., then the morning dose is stopped after the six to eight 
week therapeutic course. If the patient were taking ranitidine 300 mg 
at night during the period of active treatment, then she/he simply 
reduces the dose from two to one tablet at bedtime. If the patient who 
suffers a symptomatic recurrence over the following months, another 
course of Hy) blocker in the usual acute therapy dose should be given. 
If the patient had not been on maintenance therapy previously, then this 
therapeutic decision should be made. 

An ulcer may recur with or without symptoms, and equally well, a 
recurrence of symptoms does not necessarily mean recurrence of the 
ulcer. Thus maintenance therapy may continue the healing of the ulcer, 
yet the pain returns. Alternatively the pain may subside while the 
ulcer recurs or persists. What then is the best approach to the patient 
with recurrent symptoms while on maintenance therapy? There are no 
studies on this point, but it makes considerable sense to increase the 
dose of ranitidine or cimetidne to the full therapeutic dose, from the 
maintenance dose. If the pain persists, the patient should undergo 


repeat endoscopy. If the pain or ulcer are show to disappear on the 
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reinstituted full dose regime, then switch from one to another Ho 
blocker, or switch to an agent that works by a separate mechanism, such 
as sucralfate. 

Just as there are wide differences in placebo healing rates, so 
also is there wide variation in the recurrence rates between different 
countries and even within countries: from approximately 16% in West 
Germany to 60% in Austria. Recurrence rates as high as 80% in one year 
have been reported for patients who healed on cimetidine and continued 
either on placebo or off cimetidine maintenance (27,28,63). This 
contrasts with an average annual recurrence rate of about 20% in 
patients maintained on cimetidine (47,159,225). 

It is unlikely that cimetidine enhances the likelihood of an ulcer 
recurrence, since there was recently reported to be no difference in the 
frequency of recurrences in patients previously healed on cimetidine or 
on antacids when endoscopies were performed when the patients were 
symptomatic or at three, six and 12 months. For example, at 3, 6, and 
12 months, the cumulative percentages of patients with recurrence were 
20%, 564 and 70% for antacid, and 36%, 55% and 75% after cimetidine 
therapy (240). This protection against relapse appears to remain for as 
long as the drug is taken (51,207). 

Gastric ulcers, like duodenal ulcers, tend to recur (314,413), and 
as long as the possibility of a malignancy has been excluded beyond a 
reasonable doubt, then maintenance therapy should be considered. 
However, the role of maintenance cimetidine in preventing gastric ulcer 
relapse is less clear. One study has shown no benefit over a six month 
period (281), three studies have shown a benefit of maintenance 


cimetidine over a 12 month period (57,326), but this benefit of 
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cimetidine over placebo did not extend to 2 years (37). 

A single dose of 400 mg of cimetidine at bedtime is as effective in 
preventing recurrences as 400 mg two to three times a day (29,47). 
However, maintenance therapy with cimetidine 800 mg nocte has been shown 
to have a lower relapse rate (65) than with the 400 mg dose (61). The 
ideal or necessary degree of acid inhibition is unknown, but the higher 
dose may be preferable (159). 

Maintenance therapy with ranitidine (150 mg nightly), cimetidine 
(400 mg nightly), or antacids (as needed for symptomatic relief) was 
studied in patients whose duodenal ulcers had been healed with 
cimetidine, ranitidine, or pirenzeprine. After 12 months, no recurrence 
of ulcers was observed in 75% of 40 patients on ranitidine, 78% of 20 
patients on cimetidine and 40% of 50 patients on antacids (74). 

Pirenzepine is as effective as cimetidine in preventing duodenal 
ulcer relapses (173). 

The results of an interim analysis of the ranitidine versus 
cimetidine multicentre study in the U.S.A. have recently been reported 
(482). A total of 125 patients with healed duodenal ulcers were 
randomly assigned to receive, nightly, either 150 mg ranitidine or 400 
mg cimetidine. Endoscopic examinations were performed at baseline, and 
after, four, .eight. and 12 j;months of therapy. Ulcer recurrence was 
assessed by the crude-rate method as well as by the more superior life- 
table method. By both methods the annual relapse rate was 2 1/2 times 
lower with ranitidine than with cimetidine. In a similar multicentre 
study from the United Kingdom, Eire and Australia, the relapse rate on 
ranitidine was about half that on cimetidine, when life-table analysis 


was performed at four, eight, and 12 months (186). Based on these data, 
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it would appear that ranitidine is the superior Hy-blocker for 


maintenance therapy in peptic ulcer disease. 


APPROACI TO THE PATIENT WITH ACID-PEPTIC DISEASE 

While there are many causes of dyspepsia (528), acid pepsin 
disorders are likely among the most common. Many patients with 
dyspepsia will alter their diet or take non-prescription medications 
such as antacids, laxatives, or anti-gas agents in an effort to relieve 
their symptoms. It is uncommon then to see a patient with acid-pepsin 
symptoms who has not already, on their own accord, taken a bland diet 
and antacids, and avoided excessive dietary fat, spices, coffee. When 
these patients are seen for the first time for their dyspepsia, it is 
often sufficient for the family physician to place the patient on a full 
therapeutic regimen of antacids, and advise the patient to return for 
reassessment in two week's time (Table 15). If the dyspepsia persists, 
an upper GI series should be performed. If this is negative, or 
positive for gastric ulcer, endoscopy is required to attempt to identify 
an ulcer, which quite often may be missed on upper GI series, or to 
obtain cytology and biopsies from a gastric ulcer. If no ulcer is seen, 
further investigations need to be performed to establish the basis for 
the non-ulcer dyspepsia. If the gastric ulcer is benign, the patient 
should be treated for six to eight weeks with ranitidine (Zantac®, 150 
me ib-i.d., or 300) mg,at night), or with cimetidine «(Tagamet®, 300 mes, 
qei.d. or 600 mg., b.i.d.) or with sucralfate (Sulcrate® 1 gm., q.i.d. 
one hour before meals and at night). Most patients will lose their 
symptoms of pain within several days, and must be reminded to continue 


their therapy for the full prescribed four to eight week course. It is 
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not necessary for the patient to continue to take their antacid while on 


one of these medications. However, many patients with chronic peptic 
disease habitually take antacids, and must be cautioned not to take 
their antacid within an hour of taking their cimetidine or sucralfate. 

For the patient with a gastric ulcer, even if the patient is 
asymptomatic, endoscopy must be repeated in six to eight weeks to 
ascertain that the ulcer has healed. If the gastric ulcer persists, 
ensure that the patient has been taking their prescribed medication 
properly and for the full treatment period. If this is the case, then 
either continue therapy with the same agent for a further six to eight 
weeks, or switch to another drug, e.g. from cimetidine. to ranitidine or 
from cimetidine to sucralfate. If on the third endoscopy the gastric 
ulcer is still unhealed, then surgery should be considered. Eigeithe 
gastric ulcer has healed, the drug therapy is gradually tapered over the 
next two weeks and is then discontinued. If the upper GI series 
demonstrated a duodenal wits ae patient does not require an endoscopy 
at that point and should be treated for four to six weeks with 
ranitidine, cimetidine or sucralfate. After the full therapeutic 
course, the drug therapy is gradually tapered, and then stopped. 

Because some patients will have one episode of ulcer disease with 
no subsequent recurrences, maintenance therapy is not begun at this 
point. If the patient experienced a severe symptomatic recurrence, 
where he had previously had a duodenal or gastric ulcer proven on upper 
GI series or especially on endoscopy, then a further endoscopy is 
indicated. If the patient is found to have an ulcer, then he is treated 
with a full therapeutic regimen for the acute ulcer, and then placed on 
maintenance therapy with ranitidine (150 mg at night), cimetidine (300 


mg, bei.d. or 600 mg at night), or with sucralfate (1 gm at night). If 
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the endoscopy shows that the symptomatic recurrence is not associated 
with a recurrence of ulcer (“non-ulcer dyspepsia"), then a full 
therapeutic course of Ho~blocker or sucralfate is used, but maintenance 
therapy is not indicated. Thus maintenance therapy is used only when it 
is “earned” by the radiological, or preferably by the endoscopic 
demonstration of the presence of an ulcer on two occasions (pain-ulcer- 
healing;-pain-ulcer-healing*+maintenance). 

If the patient develops pain while on maintenance therapy he may 
simply be experiencing a recurrence of non-ulcer dyspepsia, or a 
“preakthrough” ulcer. As long as there are no symptoms to suggest 
complications such as hemorrhage or gastric outlet obstruction, then 
endoscopy need not be performed and the dose of the maintenance 
medication is increased for four to eight weeks, then gradually tapered 
to the lower maintenance dose level. If breakthrough ulcers are 
occurring frequently, then consider switching the patient to another 
drug for maintenance therapy. 

If during one of these episodes of pain the duodenal ulcer fails to 
heal after four to eight weeks of ranitidine, cimetidine or sucralfate, 
then several approaches may be taken to the treatment of these resistant 
ulcers. First, if the diagnosis of duodenal ulcer was made by upper GI 
series, then endoscopy becomes essential to confirm the diagnosis. If 
the ulcer is truly refractory to appropriate modern-day ulcer therapy, 
then switch to another drug. For example, cimetidine-resitant ulcers 
may heal on ranitidine. If the patient continues to have pain, or if 
the ulcer persists, then either add 7 times a day potent antacid (for 
example, Maalox Plus or Mylanta II, 30 one and three hour pe and at 


night) to the regimen of ranitidine, or add an anticholinergic to the 
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regimen of Hj)-receptor antagonist or sucralfate. 
This approach to the patient with acid-peptic disease attempts to 


achieve the following goals (Table 16): 
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Table 16. 


GOALS IN THE MANAGEMENT OF PATIENTS WITH PEPTIC ULCER DISEASE 


1. the relief of symptoms, 

2. the healing of the ulcer, 

3. the maintenance of healing of the ulcer and the relief of 
symptoms, 

4. the prevention of ulcer-related complications, 

5. minimization of side effects of medical or surgical therapy, 


and the minimization of cost. 


While some will consider this approach to be too conservative, 
others will claim that it is too aggressive. Nonetheless, it is a 
consensus approach, balancing the great efficacy of ranitidine, 
cimetidine or sucralfate, their excellent safety profile, and the high 
patient compliance, as compared with antacid. This approach also 
minimizes the requirement for overly frequent endoscopies, but 
recognizes that the prevention of recurrences and of complications are 
goals which must be evaluated with knowledge of the poor correlation 


between symptoms and activity of ulcer craters. 
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